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Andrei D. Sakharov 

Sketch of Abdus Salam by Gulgee, 1994 

Portrait of Salam 

Titles of Some Edited Books by Abdus Salam 

Salam’s Favorite Calligraphy: “O Lord, Work a Miracle” 
Abdus Salam 

King Hassan of Morocco 

Some Postage Stamps Honoring Abdus Salam 

Arabic and Urdu Poems in Praise of Abdus Salam 

Frederick Reines, 1995 Nobel Physics Laureate 

Aerial View of ICTP Campus, Trieste 

Main Building of ICTP 

With Zhou Enlai in Beijing, 1972 

Prof. Nicholas Kemmer, Salam’s Supervisor at Cambridge 
Titles of Some Books on Abdus Salam 

Title of The Nucleus: Abdus Salam Issue, Islamabad, 1996 
Hans Blix, Director General of IAEA 

Federico Mayor, Director General of UNESCO 


. With Sheldon L. Glashow, 1986 


Embracing Carlo Rubbia on Winning the Nobel Physics Prize 
Freeman J. Dyson 

Some of Abdus Salam Medals 

With M.S. Swaminathan at Food and Peace Conference, 1994 
Salam at Government College, Lahore, 1946 

Government College, Lahore 

13-year old Salam’s Urdu article on Muhammad Iqbal 
14-year old Salam’s Urdu letter to his teacher, 1940 

Zafrulla Khan, Chief Justice, International Court of Justice 
Anwar Dil, K.R. Sreenivasan, Afia Dil 


Anwar Dil Working on Salarn Book at ICTP: With K.R. Sreenivasan, 


M.H.A. Hassan, André-Marie Hamende, Jogesh C. Pati, 
Abdus Saiam Room at ICTP Library 

Renamed JCTP: The Abdus Salam International Centre 
for Theoretical Physics, November 21, 1997 — 
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1938-42 


1942-46 
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1951 
1951-54 


1951-56 
1952 


1954 
1954-56 
1955 


1957-93 


1957 
1958 


1946-49 
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Abdus Salam: 
- A Biographical Profile 


Born on January 29 at Jhang, Punjab Province, British India 
Father: Chaudhry Muhammad Hussain 

Mother: Hajira Begum 

Educated at M.B.S. Middle School, Jhang (Grades IV-VIID 
Educated at Government College, Fhang (Classes IX-XID 


Educated at Government College, Lahore (B.A. and B.A. Honors 
degree in English; M.A. in Mathematics degree 1946) 


Foundation Scholar at St. John’s College, Cambridge (B.A. Honors. 
Double First in Mathematics [Wrangter] and Physics) 


Awarded Smith’s Prize for the most outstanding pre-doctoral 
contribution to Physics, University of Cambridge 


Fellow, Institute of Advanced Study, Princeton University 


Professor and Head of Mathematics Department, Government 
College, Lahore; and University of the Punjab, Lahore 


Elected Fellow, St. John’s College, Cambridge University 


Research at Cavendish Laboratory, Cambridge. (Ph.D. degree in 
Theoretical Physics) 


Elected Fellow Pakistan Academy of Sciences , Islamabad 
Lecturer, University of Cambridge 


Scientific Secretary, Conference on Peaceful Uses of Atomic 
Energy, Geneva, Switzerland 


Professor and Head of Theoretical Physics Department, Imperial 
College, University of London 


D.Sc. Honoris Causa, University of the Punjab, Lahore, Pakistan 


Hopkins Prize (Cambridge University) for “the most outstanding 
contribution to Physics during 1957-58, ” Cambridge University 

Adams Prize, Cambridge University 

Scientific Secretary, Geneva Conference on Peaceful Uses of 
Atomic Energy, Geneva, Switzerland 

Member, Atomic Energy Commission of Pakistan (1958-74) 


1961 


1962 


1963 


1964 


1966 


1968 


1970 
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Elected Fellow, The Royal Society (London) 

Adviser, National Commission on Education, Pakistan 

Member, National Commission on Science, Pakistan 

Awarded Sitara-i-Imtiaz [Star of Distinction] by President of 
Pakistan 

Awarded Pride of Performance Medal and Award by President of 
Pakistan 


First Recipient of Maxwell Medal and Award, Physical Society, 
London 

Chief Scientific Adviser to President of Pakistan (1961-74) 

Elected President, Pakistan Association for the Advancement of 
Science (1961-62) 

Founder Chairman, Pakistan Space and Upper Atmosphere 
Committee (1961-64) 


Member, Board of Governors, International Atomic Energy Agency 
(IAEA), Vienna (1962-63) 


Member, National Science Council of Pakistan (1963-75) 


Book (Comp.): Theoretical Physics. Lectures Presented at the 
Seminar on Theoretical Physics organized by the International 
Atomic Energy Agency held at the Palazzino Miramare, Trieste, 
from 16 July to 25 August 1962, compiled with Introduction by 
Abdus Salam. Vienna: International Atomic Energy Agency. 
[Salam’s chapter: The Formalism of Life Groups, pp. 173-96.] 


Founder-Director, International Centre for Theoretical Physics 
(ICTP), Trieste (1964-93) 

Hughes Medal, Royal Society, London 

Member, United Nations Advisory Committee on Science and 
Technology (1964-75) 


Book: Zgbal Memorial Lectures: Symmetry Concepts in Modern 
Physics, ed. by Fayyazuddin and Munir Ahmad Rashid. Lahore: 
Atomic Energy Centre. 


Atoms for Peace Medal ‘arid Award, Atoms for Peace Foundation, 
* Rockefeller University, New York 


Elected Fellow, Royal Swedish Academy of Sciences, Stockholm. 

Member, United Nations Panel and Foundation Committee for the 
United Nations University (1970-73) 

Member, Scientific Council, Stockholm International Peace 
Research Institute (1970-73) 
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Report: Structural Changes in Pakistan’s Educational System 
(Commissioned by.the Government of Pakistan, Islamabad) 


J. Robert Oppenheimer Memorial Medal and Prize, University of 
Miami 

Elected Foreign Member of the American Academy of Arts and 
Sciences, Washington 

Elected Foreign Member of the USSR Academy of Sciences, 
Moscow 

Elected Honorary Life Fellow, St. John’s College, Cambridge 

D.Sc. (Honoris Causa), University of Edinburgh 

Chairman, United Nations Advisory Committee on Science and 
Technology (1971-72) 

‘Book (Ed.): Nonpolynomial Lagrangians, Renormalization and 
Gravity, ed. by Abdus Salam. New York: Gordon and Breach 
Science Publishers. (Salam’s chapter: Computation of 
Renormalization Constants, pp. 3-41.] 

Elected Vice-President, International Union of Pure and Applied 
Physics (1972-78) 

Book (Ed. with E.P. Wigner): Aspects af Quantum Mechanics. 
Cambridge: Cambridge University Press. 


Member, Board of Governors, Pakistan Science 
Foundation (1973-77) 2 

Guthrie Medal and Prize, Institute of Physics, London 

Elected Member, Club of Rome 


Sir Devaprasad Sarvadhikary Gold Medai, University of Calcutta 


Matteuci Medal, Accademia Nazionale dei Lincei, Rome 

John Torrence Tate Medal, American Institute of Physics 

Royal Medal, Royal Society, London 

International Prize for Peace and International Understanding, 
UNESCO Centre, Florence, Italy 


Nobel Prize for Physics 

Einstein Medal, UNESCO, Paris 

Honorary Citizen of Trieste, Italy 

Shri R. D. Birla Award, Indian Physics Association 

Awarded Nishan-e-Imtiaz by President of Pakistan 

Elected Foreign Associate, National Academy of Sciences, 
Washington DC 

Elected Foreign Member, Accademia Nazionale dei Lincei, 
Rome 

Elected Foreign Member, Iraqi Academy, Baghdad 
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Elected Honorary Fellow, Tata Institute of Fundamental 
Research, Bombay 

Elected Honorary Member, Korean Physics Society, Seoul 

Elected Foreign Member, Accademia Tiberina, Rome 

D.Sc, (Honoris Causa), University of Trieste, Italy 

D.Sc. (Honoris Causa), University of Islamabad, Pakistan 


Order of Andres Bello, Venezuela 

Order of Istiqlal, Jordan 

Cavaliere di Gran Crore dell’ Ordine al Merito della 
Repubblica Italiana 

Elected Foreign Member, Academy of the Kingdom of 
Morocco, Rabat 

Elected Foreign Member, Accademia Nazionale delle 
Scienze dei XL, Rome 

Elected Member, European Academy of Sciences, Arts 
and Humanities, Paris 

Elected Associate Member, Joseph Stefan Institute, Ljubljana 

Elected Foreign Fellow, Indian National Science Academy, 
New Delhi 


Elected Fellow, Bangladesh Academy of Sciences, Dhaka 


D.Sc, (Honoris Causa), Universidad Nacional de Ingenieria, 
Lima, Peru 

D.Sc. (Honoris Causa), University of San Marcos, Lima, Peru 

D.Sc. (Honoris Causa), National University of San Antonio, 
Cusco, Peru 

D.Sc. (Honoris Causa), Universidad Simon Bolivar, Caracas, 
Venezuela 

D.Sc. (Honoris Causa), University of Wroclow, Poland 

D.Sc. (Honoris Causa), Yarmouk University, Jordan 

D.Sc. (Honoris Causa}, University of Istanbul, Turkey 


Gold Medal for Outstanding Contributions to Physics, 
Czechoslovak Academy of Sciences, Prague 
Peace Medal, Charles University, Prague 


Diploma of Highest Merit and Honor, Club of Turkish Intellectuals 


of Istanbul 


Member, United Nations University Advisory Committee (1981-83) 


Council Member, United Nations University for Peace, 
Costa Rica (1981-86) 


Elected Chairman, UNESCO Advisory Panel on Science and Society 


Elected Member, Pontifical Academy of Sciences, Vatican City 


Elected Corresponding Member, Portuguese Academy of Sciences, 


Lisbon 


1982 


1983 


1984 


1985 


1986 
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D.Sc. (Honoris Causa), Guru Nanak Dev University, Amritsar, India 
D.Sc. (Honoris Causa), Aligarh: Muslim University, Aligarh, India 
D.Sc, (Honofis Causa), Hindu University, Varanasi, India 

D.Sc. (Honoris Causa), University of Chittagong, Bangladesh 

D.Sc. (Honoris Causa), University of Bristol, UK 

D.Sc. (Honoris Causa), University of Maiduguri, Nigeria 


D.Sc. (Honoris Causa), University of the Philippines, Quezon City 


Biography: Abdus Salam: A Nobel Laureate from a Muslim Country, 
by Abdul Ghani, Karachi: Ma’ aref Publisher. 


Lomonosov Gold Medal, USSR Academy of Sciences, Moscow 

Elected Corresponding Member, Yugoslav Academy of 
Sciences and Arts, Zagreb 

The Medal of the City of Paris (Echelon Vermell) 

Founder-President, Third World Academy of Sciences (TWAS), 
Trieste, Italy (1983-94) 

D.Sc. (Honoris Causa), University of Khartoum, Sudan ye 

D.Sc. (Honoris Causa), Universidad Complutense de Madrid 


Elected Honorary Fellow, Ghana Academy of Arts and 
Sciences, Accra 

D.Sc. (Honoris Causa), City University of New York 

D.Sc. (Honoris Causa), University of Nairobi, Kenya 

Book: Ideals and Realities: Selected Essays by Abdus Salam, ed. by 
Z. Hassan and C.H. Lai. Singapore: World Scientific Publishing 
Company. [Several editions of the book have been published. 
Translated into Arabic, Bengali, Chinese, French, Italian, 
Persian, Punjabi, Romanian, Turkish, Urdu, and some other 
languages. ] 

Elected Honorary Member, Polish Academy of Sciences 
Premio Europeo Umberto Biancomano, Rome, Italy 

D.Sc. (Honoris Causa), Universidad Nacional de Cuyo, Argentina 

D.Sc. (Honoris Causa), Universidad Nacional de la Plata, Argentina 


‘D.Sc. (Honoris Causa), University of Cambridge 


D.Sc. (Honoris Causa}, University of Gdteborg, Sweden 


Planner, Regional Workshop Course in Curriculum Development in 
Physics, Mathematics and Computer Sciences, Kenya 


’ Dayemi International Peace Award, Bangladesh 


Elected Corresponding Member, Academia de Ciencias 
Medicas, Fisicas y Naturales de Guatemala 
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1987 


1988 


1989 


Member, Board of Directors, Beijir Institute of the Royal Swedish 
Academy of Sciences (1986-89) 

D.Sc. (Honoris Causa), Kliment Ohridski University of Sofia, 
Bulgaria 

D.Sc. (Honoris Causa), University of Glasgow, UK 

D.Sc, (Honoris Causa), University of Science and Technology, 
Hefei, China 

D.Sc. (Honoris Causa), The City University, London 


Member, South Commission [Chairman: Julius Nyerere, Former 
President of Tanzania] (1987-90) 

Elected Fellow, Pakistan Academy of Medical Sciences 

Appreciation for Over Twenty Years of Loyal Service, International 
Atomic Energy Agency (IAEA), Vienna 

Honorary Professor, Beijing University 

D.Sc. (Honoris Causa), Punjab University, Chandigarh, India 

D.Sc. (Honoris Causa), Medicina Alternativa, Colombo, 

Sri Lanka 

D.Sc. (Honoris Causa), National Usiveesity of Benin 

D.Sc. (Honoris Causa), University of Exeter, UK 

Book: Science and Education in Pakistan. Trieste: Third World 
Academy of Sciences. 

Book: Science, Education and Development. A Collection of Essays 
by and about Abdus Salam. Ljubljana, Yugoslavia: Research 
Center for Cooperation with Developing Countries. [Translated 
into French, Italian, Persian, Spanish] 


First Edinburgh Medal and Prize, Scotland 

“Genoa” International Development of Peoples Prize, Italy 

Elected Honorary Fellow, Indian Academy of Sciences, Bangalore 

Elected Foreign Fellow, African Academy of Sciences 

Elected Distinguished International Fellow of Sigma Xi 

Honorary Knight Commander of the Order of the British Empire 

Founder-President, Third World Network of Scientific 
Organizations (TWNSO), Trieste (1988-94) 

D.Sc. (Honoris Causa), University of Gent, Belgium 


Book (Ed. with Ergin Sezgin): Supergravity in Diverse Dimensions. 
Volumes I and IH. Singapore: World Scientific Publishing Co. 


Elected Honorary Member, Brazilian Mathematical Society 
Elected Honorary Member, National Academy of Exact, 

Physical and Natural Sciences, Argentina 
Elected Honorary Member, Nepal Physical Society 
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D.Sc. (Honoris Causa), “Creation” International Association 
of Scientists.and Intelligentsia, USSR 

D.Sc. (Honoris Causa), Bendel State University, Ekpoma, Nigeria 

D.Sc. (Honoris Causa), University of Ghana, Ghana 

Book (Ed.): From a Life of Physics. Singapore: World Scientific 
Publishing Co. 

Book (Ed. with Ergin Sezgin): Supergravities in Diverse 
Dimensions. Volumes 1 and 2. Singapore: World Scientific 
Publishing Co. 

Biography: The Greats in Science from the Third World: Abdus 
Salam, by Azim Kidwai. Trieste, Italy: Third World Academy of 
Sciences. 


Copley Medal, Royal Society, London 

Elected Honorary Member, Hungarian Academy of Sciences 

Elected Member, Academia Europaea 

Catalunya International Prize, Spain 

D.Sc. (Honoris Causa), University of Ghana 

Book: Unification of Fundamental Forces: The First of the 1988 
Dirac Memorial Lectures. Cambridge: Cambridge University 
Press. [Translated and published in French, Greek, Italian, 
Japanese, Norwegian, Portuguese, Spanish] 

Biography: Abdus Salam un Physicien, by Entretien avec Jacques 
Vauthier. Paris: Beauchesne Editeur. — 


Medal of the University of Havana, Cuba 

Elected Honorary Member, Association pro Centro Internacional de 
Fisica, Bogota, Colombia 

Emeritus Scientist, Centro Basileiro de Pesquisas Fisicas CBPT, Rio 
de Janeiro, Brazil 

Honorary Member, Russian Academy of Creative Endeavors 

D.Sc. (Honoris Causa), University of Dakar, Senegal 

D.Sc. (Honoris Causa), University of Warwick, UK 

Book: Notes on Science, Technology and Science Education in the 

Development of the South. [Red Book]. Geneva: United Nations 

Economic and Social Council and South Commission, July 

1991. [Thirteen editions by Abdus Salam. Translated and 

published in Arabic, Chinese, French, Italian, Persian, Spanish] 


Gold Medal, Nummum Memoriae Academiae Factum Tribuit, 

Academia Scientiarum Slovaca, Bratislava, Czechoslovakia 
Elected Foreign Member, American Philosophical Society 
International Leoncino D’ Orzo Prize, Italy 
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1993 


1994 


1995 


1996 
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Pesquisador Emerito, Centro Brasileiro de Pesquisas, Rio de Janiero 

D.Sc. (Honoris Causa), University of Lagos, Nigeria 

D.Sc. (Honoris Causa), University of South Carolina, USA 

D.Sc. (Honoris Causa), University of West Indies, Jamaica 

D.Sc. (Honoris Causa), St. Petersburg University, USSR 

Book: Science and Technology: Challenge for the South. Trieste, 
Italy: International Centre for Theoretical Physics. 

Biography: Abdus Salam: A Biography, by Jagjit Singh. New Delhi: 
Viking Penguin India. 


International Leoncino d’ Oro Prize, Italy 

Elected Fellow, American Physical Society 

Honorary Member, Academia Nacional de Ciencia y Technologia, 
Peru 

Senior Research Fellow, Department of Physics, Imperial College, 
London 

D.Sc. (Honoris Causa), University of Gulbarga, India 

D.Sc. (Honoris Causa), University of Dhaka, Bangladesh 


Brazilian Order of Scientific Merit in the Grade of Great Cross 

President, International Centre for Theoretical Physics, Trieste 
(1994-96) 

Book: Selected Papers of Abdus Salam (With Commentary}, edited 
by A. Ali, C. Isham, T. Kibble, Riazuddin. Singapore: World 
Scientific Publishing Co. 

Book: Renaissance of Sciences in Islamic Countries, ed. by H.R. 
Dalafi and M.H.A. Hassan. Singapore: World Scientific 
Publishing Co. 


J.C. Maxwell Prize and Medal, Academy of Creative Endeavors, 
Moscow 

Elected Honorary President for Life, Third World Academy of 
Sciences, Trieste, Italy 

Elected Honorary President for Life, Third World Network of 
Scientific Organizations (TWNSO), Trieste, Italy 


Died at home in Oxford, England, November 21. 
Buried in Pakistan. 
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Dr. Riazuddin 

National Professor and Director General, 
National Centre for Physics (NCP), 
Quaid-i-Azam University, Islamabad 


~ It is a great privilege and honor for me to 
‘contribute the Foreword to this important book 
dedicated to the life and work of Professor Abdus 
Salam. Abdus Salam was one of the profoundest 
“physicists of the 20th century. He not only left a fasting mark in physics but also 
: in the hearts of thousands of physicists, who owed thvir academic survival and 
“development to the International Centre for ‘Theoretical Physics (ICTP) in 
Trieste, which is now very appropriately named after him. Very few have the 
opportunity to discover a universal law of nature, but still fewer have the 
conscience and ability to found an institute of learning and research for the 
“underprivileged. Salam accomplished both. In the words of Freeman J. Dyson, 
“Salam was great as a scientist, greater as an organizer, greatest as a voice of 
“conscience, speaking for the advancement of science among the pooter of 
mankind.” 


4. Riazuddin 


T met Professor Abdus Salam for the first time as my teacher of Mathematics 
at Punjab University in Lahore almost fifty-six years ago. He was already a 
legend in Pakistan. In the fiercely competitive academic climate of pre-partition 
India, he not only passed every examination at the Punjab University but set 
new records. Salam went to Cambridge in 1946, there he excelled equally and 
got a double first in the Mathematics and Physics ‘Tripos examinations of the 
University of Cambridge. He began research at the Cavendish Laboratory in 
1949. His Ph.D. thesis published in 1951, contained important work concerning 
the quantum ficld theory of the electromagnetic force. This work had an 
immediate impact and he was at once recognized as a major contributor to the 
field. 

After a brief visit to the Institute of Advanced Study in Princeton, he came 
back to his alma mater Government College Lahore in 1951 as Professor of 
Mathematics and Head of the Department of Mathematics of the Punjab 
University. In an environment where still relatively primitive mathematical 
methods were taught, we were fortunate to learn from Salam modern 
mathematical techniques in certain branches of applied mathematics. Obviously, 
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in that environment where he could not interact with fellow scientists working 
on exciting cutting edge problems, his choice was starkly between intellectual 
death and migration to the West to work at an intellectually stimulating 
institution. He made the only choice available to an inquiring mind and left for 
Cambridge to take up a lectureship in mathematics at the end of 1953. 


I believe that this choice left a deep impression on him. His enforced exile 
lay behind his determination to do something for physicists working in 
developing countries under difficult conditions so that they would not have to 
make the choicé fie was forced to make. This determination was behind his 
proposal on: 22nd September 1960 as a delegate from Pakistan to the 
International Atomic Energy Agency. This proposal resulted in his greatest 
achievement — the creation of the ICTP, an institute for the underprivileged. This 
is what he said: “... What ts needed at this stage is that an active international 
centre should exist. ... Only then can first rate men from less privileged 
countties come periodically as of right to relive with their peers -- the pioneers 
and thinkers of the international world — and thus give of their best of creative 
research.” ICTP under his tireless and dynamic leadership has touched the lives 
of so many physicists all over the world. Among his other initiatives for the 
progress of science and technology in the Third World countries was the 
founding of the Third World Academy of Sciences (TWAS) in 1983 and its 
affiliated organizations providing “an international forum for uniting 
distinguished scientists from the South for the purpose of promoting scientific 
capacity and excellence for sustainable development in the South.” 

Abdus Salam played a crucial role in laying the foundations of the present 
theory of particle physics — the physics of the subatomic heart of matter. The 
most important of his contributions was his theory of the unification of two of 
the fundamental forces of Nature — the weak nuclear force and the 
electromagnetic force. The weak nuclear force is responsible for radioactivity 
without which the stars would not shine and the electromagnetic force is 
responsible for the binding of atoms and is crucial to all known phenomena of 
life on earth. For this work he shared the 1979 Nobel Prize for Physics with 
Harvard University physicists Sheldon Glashow and Steven Weinberg. They 
were searching for unity in the tradition of Newton, Maxwell, and Einstein. 
Their unified theory was formulated in its final form in 1967. 


Passive tolerance of poverty in the Third World was of deep concern to 
Salam, In fact as early as 1961 in his presidential address, entitled “Technology 
and Pakistan’s Attack on Poverty”, at the 13th Annual All-Pakistan Science 
Conference in Dhaka, he said: “Our independence in 1947 could have provided 
us with the necessary stimulus. Unhappily this was not the case. Our 
independence did not—-definitely did not—coincide with the emergence of a 
political class which made economic growth the centre piece of state policy. I 
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an still recall the interminable arguments, conducted in private and public in the 
‘early years of Pakistan, about its ideology. Never in these discussions did I hear 
‘the mention of total eradication of poverty as one of the primary ideological 
“functions of our new state.” We have still not come out of such discussions. The 
fact is that our poverty is due to our backwardness in science and technology. By 
‘remedying this problem we create economic prosperity that promotes world 
‘peace and human progress. This is echoed in Salam’s many writings included in 
this volume. 


“Progress,” Professor Abdus Salam used to say, “begins with the belief that 

what is necessary is possible.” The National Centre for Physics (NCP) in 
Islamabad is a step in the fulfillment of his dream to bring about a renaissance of 
science in Islamic countries. He helped launch an annual ‘International 
Nathiagali Summer College on Physics and Contemporary Needs’ in 1976 
hoping that it would eventually evolve into a national centre devoted to research 
on the pattern of ICTP. It did in the form of NCP. The lack of such an institution 
drives first-rate scientists to migrate to foreign lands. The NCP plans to have all 
the ingredients — the faculty and facilities, to bring the standard of physics in 
Pakistan to par with the international norms of productivity and originality and 
act as an entity for generating ideas and to acquire, transmit and disseminate 
knowledge in the realm of physics for Pakistani Universities and R&D 
organizations. If Salam were alive today, I am sure he would be delighted to see 
that some aspects of his vision are at last being transformed into reality. 


It is indeed gratifying that a research scholar of the stature of Dr. Anwar Dil 
has undertaken the task of writing books on eminent men of letters and scientists 
of our time including Norman Borlaug, Raziuddin Siddiqi, M.S. Swaminathan 
and now Abdus Salam. This indeed is a commendable effort which deserves the 
highest appreciation and would go a long way to inspire our younger and future 
generations. The material on Abdus Salam has been immaculately selected, 
edited, and introduced. I am sure it will bring out that most distinguished aspect 
of Salam’s personality, namely, that he combined scientific excellence with 
doing social good. 


In addition to seeking unity in seemingly disparate forces of nature Salam’ 
sought unity in humankind. As Dr. Munawar Karim says: “He outgrew his 
accomplishments in physics and became statesman whose name is familiar from 
Seoul to S40 Paulo, who founded an institution which has benefited tens of 
thousands of most underprivileged students who kept open a channel to the West 
to physicists behind the iron curtain when no one else would have them.” The 
Abdus Salam International Centre for Theoretical Physics is a unifying force 
among the diverse people in Spaceship Earth. It helps to improve mutual 
. Understanding among people from diverse traditions and cultures, religions, 
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political systems and races, an important ingredient for peace and socio- 
economic conflict resolution. Thus he was justly awarded the “Atoms for Peace 
Prize” in 1968 and several other Peace Awards. 

Yet Salam felt that he had failed in one of his lifelong goals, perhaps the one 
closest to his heart. Near the end of his life he lamented: “Countries like Turkey 
and my own country Pakistan have no science communities geared to 
development, because we do not want such communities. We suffer from a lack 
of ambition towards acquiring science, a feeling of inferiority towards it, 
bordering sometimes even on hostility.” But was it a failure? Professor 
Fayyazuddin points out the following story: “Oscar Wilde was sitting in his club 
drinking to forget the failure of his play. Somebody came to sympathize with 
him. Oscar Wilde said: My play was a complete success, the audience was a 
failure.” Salam was a success, but his audience was a failure. However, the 
environment for science and technology development is now much better than it 
used to be. There is an enormous increase in the science and technology budget 
by the Government of Pakistan and efforts are being made to create scientific 
communities Salam would have liked to see. 


On November 21, 1996 Professor Abdus Salam passed away. He takes-his 
place in history alongside great physicists and as a crusader consumed by a 
desire io promote science and technology in the Third World for their own 
material and cultural improvement. He left the message: “Today the third world 
is only slowly waking up to the realization that in the final analysis, creation, 
mastery and utilization of modern Science and Technology is basically what 
distinguishes the South from the North. On Science and Technology depend the 
standard of living of a nation. The widening gap in economy and influence 
between the nations of the South and the North is essentially the Science and 
Technology gap. Nothing else — neither differing cultural values, nor differing 
perceptions of governance — can explain why the North (to the exclusion of 
South) can master this globe of ours and beyond.” Here he has picked the most 
important factor in our development. Now that Salam is gone, it is for each of us, 
in our own humble way to carry further his ideals. 


I recommend this excellent book on Professor Abdus Salam’s vision of 
science and technology for world peace and prosperity to readers and libraries 
around the world. 


Islamabad 
July 4, 2007 
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Life and Work of Abdus Salam: 
An Introductory Essay 


Anwar Dil 


l. Andnspiring Scholar: 
Some Personal Remembrances 

The year was 1940, Baaji, my father, entered the house with a radiant, 
smiling face and said, “Anwar di Biji, Mobarak, Mobarak!” (Anwar’s Mother, 
Congratulations! Congratulations!) He had a bag full of pound 
cakes and pastries. We knew something very special had 
happened. Before we could ask him he said, “Abdus Salam, a 
Muslim boy from Jhang has stood first in the matriculation 
examination. He has created a new University record of highest 
marks obtained by anyone so far!” I was in my sixth grade so I 
did not grasp the full importance of the news but celebrated the 
occasion by cating my fill of cake and pastries — so did my f. hay 
younger sisters Nasim and Shamim. Biji, of course, was 5, Abdus Salam, 
more interested in finding out about Abdus Salam and who 1940 
he was. 

In the next day’s newspaper we saw his photograph with the turban and 
learned that he was the son of a Muslim family of modest means in a rather 


remote town in the Punjab — away from the main centers of educational and . 


cultural activities like Lahore and Amritsar. The matriculation examination was 
conducted in those days by the University of the Punjab, Lahore, covering the 
Punjab Province, North-West Frontier Province, and a number of other adjoining 
areas. Abdus Salam had stood first among several thousand students appearing in 
the matriculation (high school final) examination that year. Salam topped the 
university list again two years later in F.Sc. and we learned that he had been 
admitted in the prestigious Government College, Lahore, for his B.A. Honors 
studies. 


Baaji often reminded me during my school years that I should follow the path 
of Abdus Salam and do the best I was capable of. I must say it helped me some, 
because in my 8th grade examination I stood first among several hundred 
students in Abbottabad and was awarded a merit scholarship. More importantly, 
two years later in 1945, in my matriculation examination I stood first among 
several thousand in the North-West Frontier Province, won a merit scholarship, 
and was admitted to the Government College, Lahore. 
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1.1 Naturally, one of the first things I did after joining the college was to find 
out about Abdus Salam, who had been an inspiration to me and, even though I 
could not reach anywhere near him in his marks in the matriculation 
examination, I had done much better than I would have without Baaji holding 
him up to me as a model. I learned that he was living across the street in the New 
Hostel - I was in the Quadrangle Hostel — and that he was studying for his 
Master’s degree in Mathematics. A few days later I was having lunch in the 
dining hall, when someone at our table said, “That’s Abdus Salam!” He was on 
the other side of the hall, with his friends. I wanted to go and shake his hand and 
tell him how important an influence he was in my life, but I was at the time only 
a “First Year Fool” (that’s what all of us in the first year of college were called!) 
so I had to wait for the right opportunity. I wanted to talk to him when he was 
alone and free to let me say my few words to him. For that day it was enough that 
Thad seen him — a very handsome person, laughing and enjoying his lunch. 


1.2 For a brilliant, senior student like Abdus Salam with his wide-ranging 
interests and activities there was no shortage of news coverage in the college 
papers, so I came to know quite a lot about him. He was the elected President of 
the College Union and Editor of both the English and Urdu sections of the 
college magazine Ravi — some months later he became the Editor-in-Chief. What 
surprised most of us, the first-year fools, was that contrary to our understanding 
that taking the best possible lecture notes in the classes and pouring over books 
for long hours was the secret of getting excellent marks, Salam was active in so 
many extra-curricular activities, and yet he achieved such outstanding results in 


examinations. What was his secret? One of my classmates jokingly explained it ~ 


by quoting a folk saying that a person who has a “giddur singhi” (non-existing 
horn of a jackal) can achieve anything without even trying, and we said playfully 
that one day we should surround him and ask him where he got his giddur singhi 
and help us find one too. Of course, we knew of his legendary reputation of being 
extraordinarily gifted and very hard working! 


1.3 Salam was at the time Joint Editor of the college magazine The Ravi, 
with Ms. Urmilla Sondhi, daughter of the College Principal G.D, Sondhi, as 
Editor-in-Chief. The first copy of the magazine I received on joining the college 
was the June 1945 issue with a short story entitled “The White Arm” by Salam. I 
must say I was quite thrilled by the opening lines: “The temple looked a weird 
place in the gray streaks of fading dawn. Its turrets and spires stood out boldly 
like legendary heroes defying hordes of unknown foes. The bleak prospect of the 
surrounding stretch of land, its monotony unrelieved except by the distant curve 
of the river bank lended to its eerie atmosphere. The temple bells, after a 
protracted peal, had suddenly subsided.” The narrator of the story is a military 
officer on duty in the area who on entering the temple experiences “the gloom 
and light where any crime would be plausible.” He sees the priest chanting 
unfamiliar words in front of the idol and three or four devotees performing 
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obeisance — one of them sobbing. The sight creates a feeling of spiritual faith in 
the visitor as he says: “I had read Rider Haggard’s account of temples in African 
deserts, of the enormous power of suggestion and mystery which the priests so 
well exploited, ... I instinctively lowered my head in reverence and while in that 
- act Isaw what J had missed before. Through the curtains that surrounded the idol 
. projected an arm, all bare save for three glass bangles that clicked and danced, 
~ the arm of the Lady of the Lake. It was white, silver white, swinging a silver 
lamp, up and down with a graceful rhythm.” The swinging lamp blazed the finery 
of the idol and the observer wondered if that arm was the secret of the mystic 
- charm. He felt a lump in his throat and the urge to kiss that hand even if he were 
to pay it with his life for the sacrilegious act. As he stepped forward to do so he 
was able to touch it lightly but more than that he was able to see her for a flicker 
of a second. In that act he tripped over the idol and fell unconscious at the feet of 
the idol. The whole temple and the village got into a wild uproar because he had 
_ defiled the temple and the Devi. Even though he was rescued by his soldiers and 
taken to his camp safely the village leaders made strong representations against 
him to his superiors. But somehow that white arm with the three bangles and the 
silver lamp with its light and dark shadows kept on haunting him in his dream 
and he felt that he had to go to the temple and see it. He wrote down his 
resignation from his command and camouflaged himself like a native and 
weaving his way behind the idol he was able to see her beautiful curves. In that 
moment he felt all the more deeply that: “Her arm was the symbol of that 
mysticism, the soul of all suggestion. The whole spell would crack and melt 
without it.” He returned to his camp and remained absorbed in the thought to 
convert to her faith and enter the temple as her worshipper for life. But he was 
awakened from his reverie by his men saying that the body of a woman was 
washed ashore that night. On hearing it he felt a strange fear that it must be her. 
He went to the bank of the river and learned that they had killed her because he 
had defiled her with his heathen touch that fateful evening. His brain started 
whirling and he pulled the sheet covering her to have a close look at her. The 
corpse was armless! Salam concluded the story with these words of the observer: 
“IT came to the camp and tore off the resignation. I had heavy scores to reckon 
with the priests of the great temple.” 


1.4 I went to the College library and asked the Librarian to let me borrow 
earlier issues of The Ravi to read Salam’s articles. The very first one I looked at 
was “Hair and Hairdressers” (1944, reprinted in this volume as Annex I). The 
opening paragraph was hilarious: “Hair-dressing and shaving is one of the most 
atrocious ordeals that have yet been the gloomy lot of civilized humanity. I have 
always held that Rousseau’s savage was noble — for the very plain and simple 
reason that he never handled a razor or a scissors.” After describing Mark 
Twain’s dream of a shave in the palatial barbershop of Paris, Salam narrated his 
own agonizing experience at the hands of the typical village barber, also known 
as surgeon (because of circumcision operations he performed on little boys), 
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match maker, and scandal monger. Salam wrote that he could recount countless 
stories he had heard from his barbers but preferred to refer his readers to the 
beauty of Alexander Pope’s poem “Rape of the Lock”, Shakespeare’s adoration 
of the beard of Hercules, Sampson, whose power was in his hair, and Meredith’s 
Shagpat, in whose head was planted one magical hair that had the power of 
making all men worship the person in whose head such a hair grew. I was 
charmed by Salamn’s sense of humor, but more by his knowledge of both folklore 
and English literature. He was obviously a delightful story teller and fun-loving 


person. 


1.5 Salam was the elected President of the 
College Union and a brilliant speaker and debater. In 
one of the debates under his chairmanship in the 
college hall I participated on the invitation of my 
friend Munir Ahmad Khan (who later became 
Chairman of the Pakistan Atomic Energy 
Commission). After the program Munir introduced 
me to Salam. I asked him if I could see him for about 
_ . ten minutes, as I had to show him something I had 
6. Salam, 1946 written for The Ravi, He suggested the following day 

so I went to his room in the New Hostel and knocked. 
He half-opened the door and standing there, blocking my entrance, took my 
essay on my concept of a good and successful life and asked me to come and see 
him the same time the following week. I took the liberty of showing him my two 
published essays, “If I Were a Sparrow” and “Merits and Demerits of Cinema” 
that had won me first prizes in The Modern Teacher (Lahore) competitions open 
to all high school candidates appearing that year in the Punjab University 
matriculation examination. He glanced at them but did not say a word. Next 
week he received me a little warmly and said that he liked the concept of my 
essay on a good and successful life, but it needed a lot more work. My thesis that 
harmonizing the best in this world and the hereafter by balancing Haqug Allah. 
(Duties to God) and Haguq al-'Ibaad (Duties to people) was good. The 
supporting quotations from the Qur’an and references from Al-Ghazzali’s fhya-e 
Ulum al-Din, Sa’di’s Gulistan, Iqbal’s poems, as well as from Hindu thinkers, 
especially Tagore and Radhakrishnan, were fine. But then looking straight in my 
eyes, he said the following life-transforming words that have been a challenge to 
me ever since: “All these quotations are just sitting there. You have to connect 
them and make them come alive by your own creative thinking and synthesis.” 
He also advised me to study the writings of thinkers from some other traditions, 
for example, Plato’s The Republic, Confucius’s The Great Learning, and works 
of some modern scientist-philosophers like Albert Einstein’s The World As I See 
it, and present an interdisciplinary, international perspective on the concept of 
good and successful life for all humans. He also advised me to read and bring 
. some illustrative examples from the lives of men and women of excellence in 
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world history such as Leonardo da Vinci and Goethe. He asked me to see him in 
about three months and let him see how my essay was progressing! 


1.6 I did not have another so exclusive an occasion to meet Salam but, I did 
see him a couple of times. One such occasion deserves mentioning here. 
Professor Ashfaq Ali Khan, my favorite teacher of English, was in charge of the 
Boating Club and asked me to join a small party of students who were going to 
the river Ravi for boating. As luck would have it, at the last minute, Salam 
“arrived to enjoy the outing, During the ride to the river it was a pleasure hearing 
him talk about Professor Ashfaq’s book Pakistan: A 
Nation’ and the possibility of the creation of Pakistan, 
~ because by 1946 the Pakistan Movement had started 
gaining strong support among the Muslims throughout 
India. Their conversation showed that it was only a 
matter of time before Pakistan would be established as 
' an independent nation-state. | remember Salam saying 
that after the departure of the British rulers, the new 
beginning would be a great opportunity for us to 
eradicate poverty, which was the source of most of the 
problems of our people: poor health, illiteracy, © 
ignorance, prejudice, and other man-made diseases. | 7. Cambridge, 1948 
was struck by the passionate, eloquent manner in which he spoke of making 
available modern scientific and technological knowledge and skills to upgrade 
the quality of life of the disadvantaged people. But the point that has stayed 
uppermost in my mind is the beauty and elegance that marked the multilingual 
conversation of both the speakers, whether they spoke in English, Urdu or 
Punjabi. It is one of the most radiant memories of my days at the Government 
College. Both of them retained this inspiring quality till the end of their beautiful 
lives. 


Not long after that we learned that Salam had stood first in his M.A. 
examination and left for Cambridge University on a scholarship for higher 


Professor Ashfaq, who told me once that Salam was studying higher mathematics 
and theoretical physics with some of the world’s ablest professors at Cambridge 
and as always distinguishing himself as a genius-level scholar. 


‘At Cambridge he studied with Professors P.A.M. Dirac, Max Born, 
Wolfgang Pauli, and others, and earned a good name especially for his 
contributions to the theory of elementary particles and for advancing Yukawa’s 


: Ashfaq Ali Khan’s Pakistan: A Nation (Lahore: Sh. Muhammad Ashraf, 1941) 
published under the author’s pen name of “Al-Hamza”. 


studies. My only source of information about him during those days was — 
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theory of nuclear forces that predicted the existence of three varieties, carrying 
different amounts of electric charge. He was invited as a Visiting Fellow by the 
Institute of Advanced Study at Princeton, where he 
met Albert Einstein and came to know J. Robert 
Oppenheimer and Freeman J. Dyson, Salam completed 
his Ph.D. at Cambridge under the supervision of 
Professor (Nicholas Kemmer, the distinguished theoretical 
physicist.” 

Even though he had offers to teach and carry on his 
research in England, Salam returned to Lahore in 1951 as 
Professor of Mathematics at his alma mater. Some 
8. Prof. Salam, 1952 months later we heard that he missed his research work at 
Cambridge and that it was a period of distressing professional isolation for him. I 
also learned from Professor Ashfaq Ali Khan that the college Principal was 
treating Professor Salam rather shabbily. More importantly, the sectarian riots in 
Lahore created problems for Salam and his community. The situation led to the 
declaration of the first Martial Law in Pakistan. So it came as no surprise that in 
January 1954 Salam left Pakistan to join as Lecturer in Mathematics at 
Cambridge University. But it must be said to the great credit of Salam that his 
great love for his alma mater was not diminished in any way and he continued 
giving his best to Government Coliege, Lahore, right to the end of his life. For 
example, he always responded to the editors of The Ravi for articles both in 
English and Urdu and offered financial help to deserving students and others. 


1.7 1 must mention here that during that period I met Salam at the Annual 
Conference of the Pakistan Association for the 
Advancement of Science held in 1952. 1 offered to 
assist him in any way he considered helpful. He instead 
asked me to go and see if 1 could be of any assistance 
to Sir A.V. Hill, Sir George Thomson, and Dr. Leo 
Szilard, who had all come from abroad to participate in 
the Conference. I mention this because I have a very 
special memory of Szilard and Salam. I had requested 
blues them and some other scientists from abroad to write 
9. Leo Szilard short notes on the qualities of a good scientist and 
some related topics for an article I was writing on the 

conference. Szilard wrote a beautiful one page statement on the qualities of a 
good scientist. When he gave it to me, Mrs. Szilard and Salam were both there. I 
read it and passed it on to Salam, who burst out laughing because Szilard had 
also written “a weak husband” as one of the qualities. Salam asked Mrs. Szilard 
if on this criterion her husband could be called a good scientist. Her reply was: 


? See Kemmer’s and Dyson’s essays on Salam as an excellent student at Cambridge, 
Chapters 59 and 71 in this volume. 
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“No way! Just about a B average!” Salam’s retort was: “My wife would have 
“given me an A+ with the comment: No help at home!” 

1.8 To Salam also I had given a similar 
sheet of paper with the question as to who 
was the teacher who influenced him most 
‘and how. He did not fill in the page for me, 
but when [ cautiously pursued him for his 
response,- he said that he had several 
teachers to whom he owed a great debt of 
gratitude. He mentioned Mr. Farani in high 
‘school, who challenged and guided him to —_10, With Prof. P.A.M, Dirac, 1950 
achieve the distinction in his matriculation 
examination (see Salam’s letter of thanks in Urdu on page 626 in this volume) 
and Professor Ish Kumar at Government College, Lahore, who inspired him to 
‘study Iqbal’s works as a universalist thinker. But Salam said that if he were to 
choose one, it was Professor P.A.M. Dirac at Cambridge University, who 
towered above all others. I remember his sentence that more than anyone whom 
he knew Dirac’s inner mind was full of such riches and subtleties that to him he 
was “a walking wonder”, 


1.9 The first major public recognition of Dr. Salam’s 
scientific work I read was a lengthy article published in 
The Pakistan Times (August 27, 1957).° Mian Iftikhar- 
ud-Din, the owner and publisher of the newspaper, 
during his visit to England had learned of the important 
. scientific discoveries that were bringing Salam to the 
attention of world scientists and had led to his 
appointment as Professor and Chair of Applied 
Mathematics and Theoretical Physics at Imperial College 
in London. Salam’s contributions to Reflexion- (773388 |] sss 
Symmetry Principle were ranked alongside those of Prof, 11. Imperial College, 1958 
Lev Davidovich Landau, Head of the USSR Academy of Sciences‘ and the 
Chinese Professors Chen Ning Yang and Tsung-Dao Lee of Princeton University 
and Columbia University respectively. Salam had sent his paper in November 
1956 to the Nobel Laureate Prof. Pauli at Zurich, who wrote back to him “to 
think of something better.” And even though the Italian journal J] Nuove Cimento 
was ready to publish his pape,r Salam withdrew it. In January 1957, Professor 
Landau, working independently, published his paper on the subject in Nuclear 
Physics. Professors Yang and Lee’s paper was published a month later. 
Interestingly, Yang and Lee had seen Salam’s paper before they wrote theirs in 


_ ? See Chapter 43 in this volume. 
- *Dr. Landau received the 1962 Nobel Prize in Physics for his pioneering work in 
developing a mathematical theory of superfluidity. 
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January, but the blaze of American press (notably The New York Times, Time, 
Life, Scientific American) and media coverage focused on the names of the 
Chinese-American Professors Yang and Lee, who had lived and worked together 
at Princeton University. This led to the award of the 1957 Nobel Prize to them for 
their research refuting the law of conservation of parity that at the subatomic 
level nature does not distinguish between left and right-handed configurations. 
Interestingly, Yang and Lee had acknowledged in their published paper that they 
had received Professor Salam’s paper ‘‘on a theory of the neutrino similar to the 
one discussed in the present paper.” Professor Pauli in a letter dated January 27 
had written to Professor V.F. Weisskopf of the Massachusetts Institute of 
Technology: “This theory is contained in essentially identical form in an earlier 
paper by Salam, which | received as a pre-print already six to eight weeks ago. | 
wonder if it is known in the USA.” The fact that Salam had reached the result 
before Yang and Lee and Landau — even though he did not win the shared 1957 
Nobel prize — put him squarely in that distinguished group of theoretical 
physicists. Not long after the publication of this article Salam was awarded the 
Honoris Causa degree of D.Sc. by the University of the Punjab, Lahore — the first 
of thirty-six awarded to him by universities around the world. 


1.10 This volume of selected essays by Salam (Part TD and some of his 
teachers, colleagues, and students (Part ID on his life and work in the context of 
: world peace and human progress covers most of the 
points that deserved to be covered in this section. 
However, one particular dimension deserves to be 
noted here. The fact that Salam had to leave his home 
country to do his scientific work abroad. made him all 
the more devoted to give his best to Pakistan. His best 
opportunity to serve his homeland came when General 
Muhammad Ayub Khan came into power as President 
of Pakistan in 1958 and met Salam at the Science 
Conference. Ayub Khan asked Salam to advise him on 
scientific matters, especially those related to 
developing atomic energy. In 1959, Salam was associated with the Pakistan 
Education Commission and also appointed as a member of the Scientific 
Commission. I remember the colorful ceremony in the Punjab University Hall, 
where President Ayub Khan in his presidential address paid Salam the 
compliment: “I must say, how happy I am to see Professor Salam in our midst. 
His attainments in the field of science at such a young age are a source of pride 
and inspiration for us and I am sure his association with the Commission will 
help to impart weight and prestige to the recommendations.” 

It was on Salam’s recommendation to President Ayub Khan that Dr. LH. 
Usmani, a former student of the Nobel Laureate Professor George P. Thomson, 
who had supervised his Ph.D. dissertation, was shifted from his civil service 
position and appointed to succeed Dr. Nazir Ahmed as the Chairman of the 


12. With LH, Usmani, 1960 
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- Pakistan Atomic Energy Commission. When Salam officially became the 
. Scientific Adviser to President Ayub Khan in 1961, he and Dr. Usmani were able 
to collaborate on important projects, including the building and testing of the first 
missile by Pakistani scientists. Salam used his personal contacts in placing many 
/ young Pakistani scientists for higher education and research in important 
' scientific institutions that later helped Pakistan acquire nuclear status. He was 
instrumental in the creation and development of the Pakistan Institute of Science 
~ and Technology (PINSTECH) in Islamabad. In 1962, he was appointed the first 
chairman of the Space and Upper Atmospheric Research Committee 
» (SUPARCO). 


In July 1973, at the Conference of Islamic Countries at Lahore, Salam 
~ presented a memorandum for the creation of an Islamic Science Foundation. The 
Foundation was to start functioning, in Salam’s words, as a “non-political, purely 
scientific organization, and run by eminent men of science and technology from 
- the Muslim world,” with two objectives, building up of a high-level scientific 
‘personnel and building up of scientific institutions. He proposed an endowment 
- fund of one billion U.S. dollars to be donated by the Islamic countries. Salam’s 
proposal gained the acceptance of the authorities, but the donations pledged were 
far short of what was required. In 1976, on his initiative, the International 
Nathiagali Summer College Series on Physics and Contemporary Needs was 
started, It is continuing to do good work annually with remarkable success. 
Professor Saeed A. Durrani of Birmingham University has described in this 
volume Salam’s idea of the Joint Commission on Science and Technology for 
Sustainable Development in the South (COMSATS), which after years of his 
efforts, was established on October 4, 1994, with headquarters in Islamabad, 
though Salam was too ill to attend the inauguration ceremonies. Salam’s 
initiative and efforts toward establishing and developing PINSTECH, 
International Nathiagali Summer College, and COMSATS are part of his lasting 
contribution to the scientific development of his home country. 


1.11 An especially inspirational memory of Salam for me goes back to 
February 1961 in Ann Arbor, Michigan where I had gone to study Applied 
Linguistics. In a letter from Lahore I received some press clippings on Salam’s 
presidential address at-the XII Annual All-Pakistan Science Conference held at 
Dhaka, East Pakistan. I believe that was the first time his deep commitment to 
upgrading the quality of human life and development of the Third World came to 
national and international attention. (The complete address entitled “Technology 
and Pakistan’s Attack on Poverty,” is included in this volume as Chapter 2.) 
Salam began his address by saying that he would have liked to speak on a 
subject in the scientific field of “the elementary particles of physics — those 
ultimate constituents of which all matter and all energy in the Universe is 
composed” and how “some of the concepts the physicists have created to 
comprehend God’s design.” And that he would have liked “to show that with all 
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his pragmatism, the modern physicist possesses at once the attributes of a mystic 
as well as the sensitivity of an artist ... [and] to convey some of the wonder, ° 
some of the fascination, as well as some of the heartbreaks of the physicist’s - 
craft.” But he had chosen instead to follow Professor P.M.S. Blackett’s | 
Presidential Address on “Technology and World Advancement” at the 1957 - 
Annual Conference of the British Association for Advancement of Science held 
in Dublin, Ireland. He was doing so, because he believed like Professor Blackett — 
that technology embraces “the scientific organization of most modern life” and | 
“a mere scientist may also express himself on ideological matters, not because he _ 
has new insights to reveal but because there are things he believes passionately in — 
and that needed saying and cannot be said often enough.” 

Salam added that he was focusing on Pakistan, because his country shared ~ 
poverty with the majority of the human race and that the uneven distribution of . 
wealth among the rich nations and the poor nations is of a relatively recent - 
origin. Some recent developments in science have made it possible to eliminate — 
early death and other such problems, as has been demonstrated by some countries 
transformed by scientific and technological knowledge. He believed that the - 
provision of technical skiils is very important in this process of transforming the — 
society for which the country must take science and technology seriously by . 
“harnessinig of its spiritual energy, to the objective of eradication of poverty . 
_ within. one generation. This will need constant reiteration of the economic ~ 
objectives; in particular this will need convincing the nation that the economic - 
policies are designed to enrich the whole society and not merely a part of it.” 7 

Salam concluded his seminal address with these memorable words: “Let us . 
be absolutely clear about the nature of the revolution we are trying to usher in. It - 
is a technological and scientific revolution and thus it is imperative that topmost » 
priorities are given to the massive development of the nation’s scientific and 
technological skills. And finally, let us, as scientists, face and live up to the 
challenge thrown up by Pakistan’s poverty.” And he closed with a quotation from 
the Qur’an: “The Lord changeth not what is with a people until the people change | 
what is in themselves.” 

Salam’s address was widely covered in the press and the media and inspired 
several commentaries by leading thinkers in both East and West Pakistan. I will 
refer only to one entitled “Basic Development and the Cost of Human Suffering” - 
by “Al-Hamza” (Professor Ashfaq Ali Khan’s pen name) published in The - 
- Pakistan Times (February 14, 1961)° calling Salam’s address “most stimulating” 
and saying that “Dr. Abdus Salam has made an important contribution to the - 
understanding of the economic problem of this country” and shown how Pakistan ° 
could make “the economic transition to prosperity ... in achieving a rate of © 
growth as rapid as the Russian and the Chinese but without the corresponding © 


° Reprinted as “Basic Development and the Cost in Human Suffecing” in Post-Revolution ~ 
Pakistani Themes, by Al-Hamza. Lahore: The Progressive Papers Ltd., 1961, pp. 141-45. 
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cost in human suffering.” Al-Hamza strongly supported Salam’s plan of building 
the scientific and technological foundations of Pakistan. 


1.12 Listening to Professor Salam’s Iqbal Memorial Lectures in March 1965 
remains as a high mark in my studies in the history and philosophy of science. He 
delivered five lectures on the symmetry concepts in modern Physics from Radio 
Pakistan, Lahore. He said that he took pride in the fact that his lectures were 
associated with the name of Muhammad Iqbal, “our greatest poet, our deepest 
thinker,” who “fully recognized that there is no finality in philosophical thinking, 
and that the progress of all philosophical thought must depend on new 
discoveries in the field of science. Again and again in his lectures on The 
Reconstruction of Religious Thought in [slam (Lahore, 1930), he points towards 
the possibility of breakthroughs still to come in the field of physics which may 
give a new outlook to philosophy. ... My second reason for welcoming Iqbal’s 
association with these lectures is this: I believe that the rise of a great poet or a 
great writer or a great humanist in any civilization is not an isolated incident — 
that it is always accompanied by an equally significant emergence of men as 
great in sciences and philosophy.” These were not Salam’s written lectures that 
he read out but were talks aimed at providing “an account of man’s search for 
unity in the understanding of the physical universe and the ultimate nature of 
matter. During these lectures I would like to show how rewarding the faith in the 
eventual unity, the eventual harmony, the eventual beauty of the basic laws of 
Nature has proved in unraveling some of the deeper insights we have achieved. 
Some of these concepts are extremely deep.” 

The recorded talks, transcribed and edited by Dr. Fayyazuddin and M.A. 
Rashid, were published as Symmetry Concepts in Modern Physics: Iqbal 
Memorial Lectures (Lahore: Atomic Energy Centre, 1966) and are included in 
their original version as Chapter 8 in this volume. They are an excellent record of 
nan’s history of asking questions about the nature of the universe and his search 
for the eventual unity underlying the general principles governing it. Salam’s five 
half-hour lectures on this centuries-old search from the Greeks to some of the 
breakthroughs in our time show a mastery of the seminal works of the greatest 
scientists that is amazing both for the depth of his insightful understanding and 
the simplicity and clarity of his beautiful expression. 

In his last lecture he brought his survey of all known forces of Nature to his 
own work in the hope of merging the internal and external properties of the 
elementary particles and elementary phenomena into the ultimate unified 
synthesis of one single whole. He concluded by saying that Physics can never 
rest till this final synthesis comes and that the journey for this discovery is so 
joyful because of our Spirit of Wonder — the deeper one goes, the more is one’s 
sense of wonder increased! 


1.13 Salam’s first major contact with international scientists was in 1955 as a 
participant in the 5th Rochester Conference in Rochester, New York, where he 
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made a mark by his dynamic participation and voluntary service. The same year 
he was invited to serve as the scientific secretary of the First Atoms for Peace 
Conference convened hy the United Nations at Geneva. He made excellent 
contacts during the time that partly led to his appointment as Professor and Head 
of the Department of Theoretical Physics at Imperial College in London as well 
as his election as the youngest Fellow of the prestigious Royal Society. In 
September 1960, he was invited by the International Atomic Energy Agency 
(IAEA) as an official delegate from Pakistan. He not only distinguished himself 
as a brilliant theoretical physicist but also endeared himself as the most devoted 
and tireless champion of theoretical physics across national and ideological 
borders, especially in the developing countries. 

Salam’s visionary proposal for the creation of the International Centre for 
Theoretical Physics (CTP) attracted the attention of a number of senior 
scientists. Dr. Sigvard Eklund, Director General of IAEA, was especially 
impressed and encouraged him to develop his idea of ICTP and involve some key 
international scientists in support of the proposal. Salam’s dynamic participation 
in the LAEA International Seminar on Theoretical Physics held at the Palazzino 
Miramare, Trieste, Italy, July 16 - August 25, 1962, led Dr. Eklund to request 
him to compile and edit a volume of selected lectures presented at the ten-day 
seminar. By this time a number of front-ranking scientists had become strong 
supporters Of Salam’s initiative for the creation of the proposed. International 


Centre. 
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13. Salam’s hand-written note on 
ICTP proposal, Miramare, Italy, 1960 


14.With S. Eklund. 
1962 


15. Wit Eklund an 
Budinich, 1964 


16. With Oppenheimer 
at ICTP Council 


meeting, 1965 


17. With G. Andreoiti, 
President of Italy, ICTP, 
1989 
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- The idea of ICTP had lived with Salam from 1954 when he was forced to 
leave his home country to save himself from his intellectual isolation as a 
theoretical physicist. It was in September 1960 at the Rochester Conference when 

- the Chairman of the US Atomic Energy Commission had mentioned the 
. desirability of creating international centers in physics that Salam talked to Hans 
, Bethe, Robert Sachs, and Nicholas Kemmer about the practical possibility of 
creating such a center for theoretical physics. Luckily, the same month the annual 
IAEA conference in Vienna provided him the right opportunity to present a 
formal resolution on behalf of the delegation of Pakistan, supported by nine other 
international delegations. The idea received wholehearted support by some 
world famous scientists, notably Niels Bohr and Robert Oppenheimer. Salam’s 
tireless work at the scientific panels convened by Dr. Eklund in 1961, 1962, and 
1963 annual meetings of IAEA led to the strong recommendation for the creation 
- of ICTP. With the dynamic efforts of Paolo Budinich, Professor of Physics at the 
_ University of Trieste, Italy, and the generous donations by the City of Trieste and 
the Government of Italy, the idea of ICTP was finally accepted in June 1963, and 
the Centre started functioning in Trieste on October 1, 1964. 


Professor Oppenheimer, in spite of his terminal illness, served on the first 
Scientific Council of the Centre and helped draft the ICTP Charter. The 
following year, Oppenheimer said the following about the work and progress of 
the Centre: “It seems to me that the Centre has been successful in these eight or 
nine months of operation in three important ways. It has cultivated and produced 
admirable theoretical physics, making it one of the great foci for the development 
of fundamental understanding of the nature of matter. The Centre has obviously 
encouraged, stimulated and helped talented visitors from developing countries 
who, after rather long periods of silence, have begun to write and publish during 
their visit to the Centre in Trieste. This is true of physicists whom IJ know from 
Latin America, from the Middle East, from Eastern Europe and from Asia. It is 
doubtless true of others. The Centre has become a focus for the most fruitful and 
serious coHaboration between experts from the United States and those from the 
Soviet Union on the fundamental problems of the instability of plasmas, and of 
means for controlling it. Without the Centre in Trieste, it seems to be doubtful 
that this collaboration would have been initiated or continued. In all the work at 
the Centre of which I know, very high standards prevail. In less than a year it has 
become one of the leading institutions in an important, difficult and fundamental 
field.” 


Under Salam’s directorship the ICTP, co-sponsored by the International 
Atomic Energy Agency (IAEA) of the United Nations and UNESCO, not only 
became the leading world center of research in theoretical physics, especially for 


42 Science for Peace and Progress 


Third World scientists, but also came to be recognized as Salam’s greatest legacy : 
to world science for peace and progress.® 


1.14 The 1979 Nobel Prize for Physics was awarded to Dr. Abdus Salam of 
Imperial College and ICTP, and Dr. Steven Weinberg and Dr. Sheldon L. 
Glashow of Harvard University, “for their contribution to the theory of the 
unified weak and electromagnetic interaction between elementary particles, 
including inter alia the prediction of the weak neutral current.” ‘Their work. since 
the 1960s was recognized as a major contribution toward Einstein’s goal of a 
unified field theory and a new understanding of the universe. Salam and 
Weinberg had published jointly on their hypothesis and Glashow had 
independently of the Salam-Weinberg model provided important additions. The 
international press and media especially highlighted the intrascientific 
importance of Salam’s continuing work on the Weak Interaction Theory, the 
Unified Field Theory and other related areas since early 1950s. According to 
some researchers in the field, Professor Salam might have been a recipient of the 
Nobel Prize in earlier years for his unification of the fundamental forces of 
nature. 

Salam was in London when he received the news of the award. He got into 
his car and drove to the mosque to offer prayers of thankfulness. Even more than 
the honor associated with the Nobel Prize, he was reported by an interviewer to 
have said that he was proud of the fact that it was his teacher Dr. P.A.M. Dirac, 
for whom he had the greatest respect next only to Albert Einstein, who had 
nominated him for the award. 

It was quite a treat to see Professor Salam dressed 
in the traditional Pakistani dress worn by Punjabi 
Muslims: gameez, white shalwar, black achkan (long 
coat), turban, and khusa (gold-braided shoes) at the 
Nobel Prize ceremony on December 10), in Stockholm. 
He looked uniquely elegant, and the photographers 
made capital of the handsome laureate — the first 
scientist so honored from. the Islamic world. For 
Salam the occasion became especially memorable 
because of these words of Professor Bengt Nagel of 
The Royal Academy of Sciences in his speech 
honoring the Physics laureates: “The importance of the 
new thcory is first of all intrascientific, The theory has 
set a pattern for the description also of the strong 
nuclear force and for cfforts to integrate further the interactions between 
elementary particles. ... [For] our functioning as biological beings we rely on 
elements formed milliards of years ago in supernova explosions, with the new 


any OG 


At Nobel Prize Ceremony 


® Salam and some of his colleagues have reviewed the creation and work of ICTP in 
several of the essays included in this volume. 
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kind of weak force predicted by the theory contributing in an important way, 
really a fascinating connection between biology, astrophysics and elementary 
. particle physics.” This is precisely what Salam was working on and publishing at 
the time. 

But even more than this the opening speech of Professor Sune Bergstrém, 
President of the Nobel Foundation, showed how well he knew and admired 
Salam’s inspirational essays and addresses and visionary work at ICTP, 
especially his life’s mission of extending international scientific research in the 
service of human welfare: “... [E]ven though our present knowledge is by no 
means being fully utilized, probably everyone realizes that vigorous research- 
and-development efforts are needed in most fields to give progress the necessary 
speed and at the same time to ensure avoidance of the same errors that we have 
had to endure in this century. It is thus only through the most advanced research 
and development work on the harnessing of solar energy that the tropical 
developing countries’ energy requirements can be solved without disastrous 
environmental pollution under the increasing pressures of growing populations in 
the next half century. The most advanced biomedical and chemical research 
efforts are needed to quickly produce better preventive and curative methods of 
controlling the serious tropical diseases that are now the scourge of hundreds of 
millions of people. Large portions of this and other necessary research and 
development can doubtless be carried out best and most rapidly in the industrial 
- nations. But it is of central importance that the developing countries’ own 
scientific and technological competence be built up at the same time so as to 
ensure continued and constant local development.” 

In his acceptance remarks on behalf of the recipients of the shared Prize, 
Professor Salam said: “The creation of physics is the shared heritage of all 
mankind, East and West, North and South have equally participated in it. In the 
Holy Book of Islam, Allah says, “Thou seest not, in the creation of the All- 
Merciful, any imperfection. Return thy gaze, seest thou any fissure. Then return 
thy gaze, again and again, thy gaze. Thy gaze comes back to thee dazzled, and 
made dim.” (Al-Qur’an, 67:3-4) This in fact is the faith of all physicists; the 
deeper we seek, the more is our wonder excited, the more is the dazzlement for 
our gaze. I am saying this, not only to remind those here tonight of this, but also 
for those in the Third World, who feel they have lost out in the pursuit of 
scientific knowledge, for lack of opportunity and resources. Alfred Nobel 
Stipulated that no distinction of race or color will determine who receives of his 
generosity. On this occasion, let me say this to those whom God has given His 
bounty. Let us strive to provide equal opportunities to all so that they can engage 
in the creation of physics and science for the benefit of all mankind.” 


One week later, on December 18, Professor Salam was awarded the 
Honorary Doctor of Science degree by the University of Islamabad. In the 
following simply-worded couple of paragraphs he explains better than anything 
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else written on the subject of his scientific explorations recognized by the Nobel 
Foundation: 

The theory for which I have been honored concerns the fundamental forces 
of Nature. Until two decades ago, physicists believed that there are four 
fundamental forces of Nature: the gravitational, the electromagnetic and the two 
nuclear forces, the weak and the strong. Two decades ago, my colleagues and I 
suggested that there were indications that the weak nuclear force was not really 
different from the electromagnetic and that the two could interconyert, one into 
the other. We were searching for a unity, in the tradition of Newton, Maxwell 
and Einstein, and the unified theory was formulated in its final form in 1967, at 
Imperial College, London, and the International Centre for Theoretical Physics 
at Trieste with which I have the privilege of being associated, and also 
independently at Harvard. 

The first indication of the theory’s correctness came in 1973, when the great 
European Nuclear Research Laboratory at Geneva (CERN) found experimental 
evidence of neutral currents, which are an essential part of the predictions of the 
theory. The clinching evidence was provided last year by the Stanford Linear 
Accelerator in the United States, which, in an epic experiment, confirmed its 
second aspect — its heart as it were — of the unification of the electromagnetic 
force with the weak nuclear to one part in four thousand as predicted. An — 
experiment at Novosibirsk by a group led by Professor Barkov further 
confirmed this. ... 

The next task is to test if the third force (the strong nuclear) is also part of 
this unity. Together with some colleagues, we have formulated this and 
suggested experiments to test the idea. If the results are positive, in about five 
years, with Aflah’s grace, we shall have reduced the four forces to just two. 

Then will remain the final goal of uniting gravity with this electronuclear 
force. [t is our faith that this must also be true, but a precise formulation and its 
confirmation may take fifty years to achieve.’ 


It is not commonly known that Salam made capital use of the prestige and 
renown that the award brought to him in building up the ICTP and expanding and 


establishing its programs on more solid foundations. In the words of Professor — : 


Freeman Dyson: “The Centre remains a monument to his energy, his vision, and 
his unselfish dedication to the task of bringing all peoples together in a common 
pursuit of science” — and, in my view, also human togetherness and cooperation 
for world peace and progress. Furthermore, the Nobel Prize made it possible for 
him to set up a special account for giving generous personal donations for 
creating new and strengthening existing scientific institutions in the Third World 
and helping talented young scientists around the world. 


1.15 We all knew that Salam’s second big dream was to establish The Third 
World Academy of Sciences (TWAS) to fulfill his dream of promoting science 
and technology in the Third World by helping scientists from the 


7 See “Islamabad Lecture” (Chapter 20 in this volume). 
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underdeveloped countries. It took him twenty years to do so after the 
establishment of ICTP, mainly because he was giving his best attention to first 
establish ICTP on solid foundations. The prestige associated with the Nobel Prize 
made it easier for him to take necessary steps for establishing the Academy. 

He first presented the idea of TWAS in a formal statement at the general 
meeting of the Pontifical Academy of Sciences in Rome in October 1981. A 
memorandum was drawn up on the occasion, and Salam was authorized to follow 
it up. He toured the world to meet and seek the support of the heads of Third 
World countries and world class scientists in the developing countries. TWAS 
was founded in Trieste in November 1983. The forty founding scientists 
requested Salam to be the Founding President in spite of his already heavy 
schedule of duties. However, finding financial support for TWAS proved even 
harder than it had been for ICTP. Luckily, during his visit to the Academy in 
1984, to the surprise of all, including Salam, Foreign Minister Giulio Andreotti, 
who later became President of Italy, announced a grant of US$1.5 million on 
behalf of the Government of Italy, and TWAS was officially launched at an 
international conference in July by the Secretary General of United Nations. 
Professor M.H.A. Hassan has been serving all these years as the Executive 
Secretary — in recent years as Secretary General of TWAS. The Academy and its 
components have been very productive in their programs for upgrading the 
development of Science and Technology in the Third World. 


Salam’s tour of Third World countries also led to the decision for the 
creation of the Network of Ministers of Science and Technology and Science 
Academies at the Second General Conference of TWAS in Beijing in 1987. The 
Third World Network of Scientific Organizations (TWNSO) was formally 
founded in Trieste in October 1988 by a group of about a hundred participants 
who elected Salam as the Founding President. The ICTP, TWAS, and TWNSO 
and some other dream children of Abdus Salam, notably the Third World 
Organization for Women in Science (TWOWS), with their headquarters on the 
beautiful ICTP campus in Trieste, are carrying forward Salam’s vision of science 
in the service of enhancing the human ideal of good life. 


1.16 Early in 1988, a Pakistani scientist friend of mine sent me the gift of 
A Man of Excelience: Abdus Salam, 1979 Nobel Laureate in Physics (Ljubljana, 
» Yogoslavia, 1987), which had two articles entitled “Abdus Salam” by John 
- Ziman® and R.M. Kidder of The Christian Science Monitor’ and three major 
“articles by Salam. In his talk “Physics and Excellences of Life it Brings” 
delivered at the Fermi National Accelerator Laboratory in May 1985, Salam 
~ spoke of Robert Oppenheimer’s three types of excellences: the excellence of new 
deas; for the experimenter, the excellence of new discoveries and searching for 


* Chapter 47 in this volume. 
° Chapter 52 in this volume. 
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carrying an experimental technique to its limits and beyond; and “the very human 
desire to spite the theorist”. To this Salam added his comment: “Oppenheimer 
had these excellences in mind — but also much more; he emphasized the - 
opporiunity physics afforded him to come to know internationally a class of great .. 
human beings whom one respected not only for their intellectual eminence but 
also for their personal human qualities — a true reflection of their greatness in - 
physics. And, in addition, he had in mind the opportunities which physics © 
uniquely affords for involvement with mankind — in the parlance of today, in © 
engaging in problems of development and of enhancing the human ideal.” This .. 
talk offwea an insight into the creative mind of Salam, especially because it was 
one of the rare personal statements on his own pleasures that physics had brought 
into his own life. Besides his account of the ideals of development associated 
with ICTP and TWAS, Salam talked about some of the “excellent and humanly 
great physicists” he had come to know personally and interact with. The last part 
of his talk described his development as a theoretical physicist especially at . 
Cambridge with Dirac and Kemmer and later in 1951 at the Institute for ~ 
Advanced Study at Princeton, where he met Einstein and had opportunities to 
interact with Oppenheimer and Dyson. 

It was good to read the high tribute of his former colleague at Cambridge, 
Professor M.A. Jawson, who recognized Salam’s scientific achievements on the 
occasion of the award of the Honoris Causa degree of Doctor of Science by the 
City University, London, on December 1, 1986: “Ever since his Cambridge days, 
Abdus Salam has had the passionate conviction that advanced scientific 
education should be promoted throughout the Third World. By virtue of his | 
scientific prestige, his transparent sincerity of purpose, and the sheer justice of 
his cause, he persuaded international agencies that the Institute [ICTP] should be * 
established. Facilities at Trieste were freely provided by the Italian government, a 
gesture worthy of Italian civilization. He was the natural choice of director, a 
position which he holds in parallel with the chair of theoretical physics at the 
Imperial College of Science and Technology, London. Since 1964, several 
hundred promising young scientists, from diverse nations, have spent periods at 
Trieste in contact with leading scientific minds, intellectually enriching both 
themselves and their countries from the experience. The incalculable benefits of 
Trieste will only become fully apparent during the next century.” 

Rushworth Kidder’s 1986 interview with Salam, first published in the 
prestigious American newspaper The Christian Science Monitor, was 
representative of the growing attention his ideas for improving the human 
condition through Science and Technology were receiving in the international 
media. I will mention here only two points in the interview about which Salam 
always spoke with great passion: 1) the issue of world peace and “defense 
spending” in the developed world, and 2) the growing “great divide” between the 
rich nations and the poor nations. The following brief quotations in the interview 
are especially noteworthy in this context. 
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Unless you are conscious that the developed nations are squandering the wealth 
of this world — not only the wealth of this world but also the time and the energies of 
its scientists and its technologists, which could be used toward bettering humanity — 
you'll never get to gtip with the basic challenge facing the 21st century. 


And if the ‘great divide’ between the rich and the poor nations is not closed? 
Salam says that it will be increasingly “hard io ignore the [developing countrics’} 
problems in the 21st century for two reasons. Lirst, he says, the North will no longer 
be able to ‘insulate itself” politically from the South. Lf the gap is not narrowed, he 
says, “What will happen is what is happening already in the Third World” — turmoil, 
military governments, unrest, and “people on top of each other”. Second, he notes 
that the world-wide environment “may be affected by lack of attention to the global 
problems and to scientific globalism.” “In that sense,” he says, “no parts of the 
world are going to be safe from the feeling of turmoil. ...” 


1.17 My next remembrance is receiving a copy of 
Salam’s landmark 322-page special report entitled Notes 
on Science, and Technology and Science Education in 
the Development of the South, prepared for the South 
Commission, the Club of Rome and the U.K. Pugwash 
Group. It was published in September 1990 and 
internationally recognized as Salam’s outstanding 
contribution to the work of the South Commission, 
under the chairmanship of Julius Nyercre, T‘ormer 
President of Tanzania. The Commission, an 
independent, non-governmental organization of Third 
- World nation-states, had been created in 1987 to analyze 
_ the problems of the South and to suggest recommendations for their solution. In 
the words of Ambassador Augustin Papic of Yugoslavia, the Economist member 
of the Commission: “[Salam’s Notes] was distributed not only to the members of 
the South Commission but to a very broad audience outside its membership, to 
scientists, and for many international conferences. It was everywhere well 
received (having several revised and improved editions). With the continued 
efforts of Professor Salam, or Abdus as he was called, with the intensive 
exchange of views and better understanding with Commissioners, his ideas were 
adopted and incorporated in the Report of the Commission as the role and 
contribution of Science and Technology in the development process, within 
mutual interconnection.” Later it was published in a well-edited book format as 
Science and Technology: Challenge for the South (Trieste, Italy: The Third 
World Academy of Sciences and The Third World Newtwork of Scientific 
Organizations, November 1992). 

The following Abstract of the Report sums it up with typical Salam 
precision: “This globe of ours is inhabited by two distinct aspects of humans. 
According to the UNDP count of 1987, one quarter of mankind, some 1.2 billion 
people are developed. They inhabit 2/Sths of land area of the earth and control 
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80% of the world’s natural resources, while 3.8 billion [1990 figures] developing _ 


humans — ‘Les Misérables’ — the ‘mustazeffin’ (the depressed ones) — live on the 
remaining 3/Sths of the globe. What distinguishes one species of humans from 


the other is the ambition, the power, the élan which basically stems from their - 


differing mastery and utilisation of present day Science and Technology. It is a 


political decision on the part of those (principally from the South) who decide on — 


the destiny of developing humanity if they will take steps to let Les Misérables 


create, master and utilise modern Science and Technology. These notes are | 


devoted to this topic.” (Italics in the original) 


In spite of his failing health because of a neurological ailment, he traveled 
around the world meeting and eliciting the support of key figures and devoting a 
great deal of his time in making substantive contributions to the Commission’s 
deliberations. Chairman Julius Nyerere acknowledged the fact that even though 
Salam was the only scientist member of the Commission, he was able to 
convince the Commission members that the development of the South depended 


on giving the highest priority to science and technology. This resulted in the | 


special emphasis given to this dimension in the Commission’s published report. 


Salam knew the importance of the South Commission and in his position as _ 


Founder-Director of ICTP, Founder President of TWAS, and Founder of the 
Third World Organization for Women in Science (TWOWS), he convened the 
inaugural meeting of his projected Third World Network of Scientific 


Organisations (TWNSO), which was attended by fifteen Ministers of Science and — 
Technology, twelve Presidents of Academies, and seventeen Chairpersons of : 
national research Councils, representing thirty-six Third World countries. All of | 
the participants received copies of the Notes and other documents on the work of ‘ 
the South Commission, and under Salam’s Presidency, they unanimously © 


adopted the following text as “The Trieste Declaration on Science and 


Technology as an Instrument of Development in the South”: “Recognising the — 
fundamental importance of Science in socio-economic and cultural development | 
and technological progress, and keeping in view the recommendations of the ; 
South Commission pertaining to the crucial role of Science in the Third World, _ 


as mankind approaches the 21st century, the members of the Third World 


Network of Scientific Organisations present at the meeting held in Trieste from - 
4-6 October 1988, resolve to work towards giving Science and Technology a - 


position of highest priority im their own countries and to strengthen their 
collaboration with other countries of the South as well as the North.” 


Salam attended the 1992 meeting of the Commission in spite of his very 
weak health and put together his landmark book Science and Technology: 
Challenges for the South (November 1992). It was translated and published in a -: 
number of languages. The opening paragraph of his Introduction to the English © 
edition reads as follows: “Progress in science and technology has become the - 
determining factor of the present and, in particular, the future of mankind. This is 
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_ generally recognised but, as yet, has only been expressed in words; the practical 
_ effects of S&T, according to J.D. Bernal, have yet to be fully appreciated and put 
' into use. In the case of the majority of countries of the South, the situation is even 
worse since there is too little interest in S&T, which are paid only lip service. 
- Such an attitude, unfortunately, dominates in the South in spite of the fact that 
science and technology is, undoubtedly a major factor for its liberation from 
backwardness, poverty and exploitation.” Salam was pleased that the 
Commission’s Report “reflected the major points of the Notes, within the 
framework of overall development based on self-reliance of the South, 
individually and collectively.” That was the first time that S&T had been dealt 
with in a report of such a type. Salam acknowledged that his book had greatly 
benefited from the international conference on “The Essential Role of Science in 
Technological Progress and Economic Development,” which he and Louis 
Emmeri, Director of the OECD Development Centre, Paris, had convened at the 
Adriatico Guesthouse of the ICTP, Trieste, in April 1992. Salam’s historic 
contribution to the South Commission’s work was recognized by Julius Nyerere 
in these words: “The emphasis given to Science and Technology in the South 
Commission’s Report — The Challenge to the South — is entirely due to Abdus 
Salam ... Despite his failing health from the end of 1988, Abdus Salam was 
assiduous in attending South Commission Meetings, including that called in 1992 
— two years after the Report was published. ‘That same year, encouraged by his 
success on the South Commission, but wanting still more emphasis, he expanded 
on the facts, figures, and arguments in a publication entitled Science and 
Technology: Challenge for the South. And later still, it was as a result of his 
initiative that the Profiles of Institutions for Scientific Exchange and Training in 
the South was prepared by the Third World Network of Scientific Organizations, 
and published jointly with the South Centre.” 


1.18 In the summer of 1996 our common friend Munir Ahmad Khan called 
me to say that he had gone to see Salam in Oxford. His disease was in an 
advanced stage and there was no cure for it. His mind was as brilliant and active 
as ever but his body was losing its functions. I was in Islamabad, when on the 
morning of November 21, I received a call from Munir saying that Salam had 
passed on and his body was arriving to be buried in Pakistan. The Pakistani 
newspapers and media gave extensive coverage to the end of a brilliant scientific 
career and acknowledged how Salam had tried to help Pakistan in the field of 
‘scierice and education. The Dawn of Karachi announced the “Death of a Genius” 
with the following opening words: “Dr. Abdus Salam, Pakistan’s internationally 
‘renowned scientist and scholar, died early on Thursday morning at his house in 
Oxford, England after a prolonged illness. ... Dr. Salam is survived by a 
Pakistani wife by whom he had three daughters and a son, and an English wife by 
‘whom he had one son and one daughter, ... Dr. Salam was awarded honorary 
Doctor of Science degrees by thirty-six universities in twenty-three different 
countries.” Among the numerous articles honoring Salam’s life and work in 
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Pakistani media one of the most notable was “A Hero is Gone” by Professor: 
Pervez Hoodbhoy of the Quaid-i-Azam University, Islamabad (The Dawn, 
November 22) saying: “With the death of Prof. Abdus Salam, the world has lost 
one of the mightiest intellectuals born on the subcontinent, and the most powerful - 
and influential advocate of science for developing countries.” The obituary in- 
The Times, London (November 26) was a well-deserved rich tribute including the 
following lines: “In addition to his brilliant intellectual gifts, Salam was a man of 
remarkable vision and outstanding energy who played a major role in developing 
science throughout the world. Of particular significance was his success in 1964 
in persuading the Italian government and the UN to found a research institute for © 
theoretical physics in Trieste, Italy, the prime mission of which was to provide a 
base for young scientists from the developing countries to carry out research with 
each other and with visitors from the West. ... On a personal level, Salam was a 
striking man. Any young scientist who had the privilege of working closely with - 
him invariably found it to be an exhilarating and character-forming experience. :: 
In addition to his great intellectual gifts, Salam had a genuine sense of humour, 
including that rarest of qualities of being able to laugh at himself. A warm: 
twinkle would often accompany his more unorthodox suggestions as to how: 
exactly the foundation of physics should be revolutionized.” 7: 
Soon there was a large pile of tributes from around the world. A couple of © 
the most memorable are: 1) Professor Sheldon L. Glashow, co-recipient with 
Salam of the 1979 Nobel Physics Prize: “Abdus Salam’s life was gentle, and the -: 
elements so mixed in him that Nature might stand up and say to the world: This - 
was a man!” 2) Professor Freeman Dyson, front-ranking scientist and humanist © 
thinker: “Abdus Salam was one of the great spirits of our time, great as a 
scientist, greater as an organizer, greatest as the voice of conscience speaking for 
the advancement of science among the poorer two-thirds of mankind.” 3) Dr. 
Federico Mayor, Director General of UNESCO: “Professor Salam will forever be. 
remembered as a man of exceptional achievement and human qualities. ... He: 
was an outstanding science leader. ... UNESCO and I have lost a friend and we © 
shall greatly miss his wisdom, guidance and encouragement.” 4) Prof. Zhou’: 
Guangzhan, President, Chinese Academy of Sciences: “His enduring efforts in’ 
promoting the progress of science in the Third World countries as well as his -: 
friendship towards the Chinese people and Chinese scientists will be remembered 
forever.” 5) Dr. M.S. Swaminathan of India, World Food Laureate and former 
President of the Pugwash Conferences on Science and World Affairs: “He was 
one of those unique theoretical scientists who brought their enormous vision and 
wisdom to bear on the day to day problems of Third World science.” 


2. Some Personal Glimpses of Abdus Salam : 
In this section I have limited myself to three dimensions of Salam’s life: a)~ 
Early career, b) Love of his family, and 3) Love of his homeland. 
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2.1 Some memories of early life. Abdus Salam was born on January 29, 1926 
village named Santokh Das in District Montgomery (some years back 
named Sabiwal) in the home of his maternal grandfather.’ His ancestors hailed 
1a Hindu Rajput family. One of his ancestors was named Buddhan.! 
lam’s paternal grandfather, Mian Gul Muhammad, was a practitioner of 
tional medicine and was known as Hakim Sahib. Salam’s maternal 
dfather, Hafiz Nabi Bakhsh was born and raised in Gurdaspur in the Punjab. 
f his sons were employed in the education department. One went to Ghana 
teacher of Arabic and the second rose to the position of Deputy Inspector of 
ls in the Punjab. The family, in spite of modest means, was generally 
own and respected for its love of learning and piety. 

Salam’s father, Chaudhry Muhammad Husain, was the second son of his 
er. His eldet brother, Chaudhry Ghulam Husain, born and brought up in 
ig, made a name for himself as a student of the local Government High 
hool by scoring second highest marks among several thousand students in his 
‘ school examination conducted by the University of the Punjab, Lahore. 
ter earning his bachelor’s degree from the Mission College at Lahore, he 
ed the education department and rose to the position of District Inspector of 
hools. After the partition of India in 1947, he migrated to Pakistan and settled 
ang where he died in 1950. Salam was married to his daughter Umat-ul- 
ez in 1949. 


When he was about three years old, Salam was awarded a prize as “the 

althiest child” in the community. But he was slow in blooming as a speaker. 
s father sought the help of a wise religious person in the community who 
oked at Salam and said good humouredly: “Oey Gonglu, bolda kiyuii nahifi! (O 
ttle Turnip, why don’t you speak!)” He assured his parents not to worry, 
wever, because when he grows up and speaks the whole world wili listen to 
m! He was exceptionally good in reading, writing and understanding, so his 
ther arranged to educate him at home. He learned to read and write so well that 
hen he joined the elementary school at the age of eight he was placed in grade 
ur. By the time he was in secondary school, he had started speaking beautifully 
d his Punjabi, Urdu, and English conversations were unbelievably elegant and 
ature. He later moved to the Jhang College, which was an intermediate college 


n most of the publications on him Jhang has been mentioned as the place of his birth. 
s father Chaudhry Muhammad Husain was employed in the education department at 
ang, his ancestral home town, so he was raised and educated in Jhang. For all practical 
rposes Jhang carne to be known as the place associated with Salam’s early life. In fact 
lam himself stated in some autobiographical notes that he was born in Jhang. 

The Hindu name probably derived from Buddha meaning “the enlightened one” but in 
mmon parlance it means “one with long life”. In 1946 I heard Salam say jokingly to a 
oup of his friends that his critics must have called him “Buddhu” meaning “a 
mpleton” and that there are times when he himself feels like a Buddhu. 
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(classes LX to XID). In his ninth ciass he distinguished himself as a good writer 
and debater. In one of his notebooks there is a brilliant Urdu essay “Iqbal Meri 
Nazar mé” (Iqbal in My View) on the poet-philosopher Muhammad Iqbal. It is 
written in beautiful, ornate literary style of classical masters of Urdu literature 
and shows 13-year old Salam’s unbelievably extraordinary ability in his 
understanding of the greatness of Iqbal (reproduced from the original notebook 
on page 626 in this volume). 
In 1940, Salam appeared in his matriculation examination. On the day of the 
announcement of the result by the Punjab University, Lahore, he was with his 
father in his office. They were all overjoyed to see the front page story in the 
Lahore newspaper that Abdus Salam, a 14-year student of the Governmen 
Intermediate College, Jhang, Roll Number 14888, had earned 765 out of 800 
marks, He had stood first in the Punjab University and created a new record of 
the highest marks obtained by any student in the history of the University. Afte 
hearing the result Salam got on his bicycle and started for his home, which was 
about two miles away. By that time the good news had spread all over the 
city,and he found that the shopkeepers and neighbors were rejoicing and waving 
to congratulate him. As chance would have it, he had gone for a haircut a few 
days back, and the barber had cut his hair so short that it almost looked like a 
shaved head, so Salam, in his words, was “wearing a turban to hide it”. His 
photograph that appeared in the newspapers was with that turban on (reproduced 
at the beginning of this essay). 
When he was a student of F.Sc. in Jhang, he served as Editor of the college 
magazine Chenab — named after the nearby river Chenab. One of his published 
essays was on the great Urdu poet Mirza Asadullah Khan Ghalib explaining why 
and when he had changed his takhallas (nom de plume) from Asad to Ghalib. I 
was considered so good that Maulana Salahuddin Ahmad, Editor of the leading 
Urdu literary journal Adabi Dunya of Lahore, published it with a note o 
appreciation. Salam was always proud of this recognition of his scholarly effort 
when he was only fifteen years old. In Jhang one of Salam’s close persona 
friends, with whom he liked to spend time for literary discussion, was the Urdu 
poet Sher Afzal Jafry. They loved to read together and discuss Punjabi, Urdu and 
Persian poetry. Jafry became a nationally important poet. Salam always called 
him his mentor and guide in Urdu and Persian literature. All his life Salam loved 
to read and quote from the poems of Iqbal and Ghalib and the master Persian 
poet Jalal-ud-Din Ruri. : 


In 1942, Salam left Jhang to join the Government College, Lahore for hi 
bachelor’s degree studies. He selected the following subjects: Mathematics A. 
Mathematics B, English Honors, and Urdu. He was equally outstanding in al} hi 
subjects. In 1943, he published his first mathematical paper entitled “A Problem 
of Ramanujan” in the Mathematics Student (Vol. XI, No.1-2). It is included a 
the opening paper in the book of his scientific papers edited by Ali et al (1994) 
In the words of the Editors: “[It] is a remarkabie contribution from a 17-year-old 
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ent at Government College, Lahore, in which he describes a better way of 
g a set of coupled nonlinear algebraic equations than the ones found earlier 
¢: Indian mathematical genius Srinivasa Ramanujan. It shows that from a 
arly age Abdus Salam exhibited astonishing mathematical ingenuity and 

nality. It is of course a mere foretaste of what was to come.” In his B.A. 
mination Salam secured 451 out of 500 marks and stood first in the 

ersity. 

For his Master’s degree he oscillated for some time between English 
érature and Mathematics. Luckily, he chose to study Mathematics, which later 
ame his foundation for studying theoretical physics. In 1946, he earned his 

ter’s degree by again securing the first position in the university. Soon after 

esult was announced he left for England on a special scholarship. The story 
s good luck in getting the scholarship and admission in the University of 
bridge shows how chance played such an important role in his career at that 
tical juncture. Sir Khizar Hayat Khan Tiwana, Chief Minister of Punjab, had 

cted a large amount of money for supporting the British in World War II. 

n the war ended in 1945, he decided to use the money to create a “Farmers’ 

Scholarship”. Six awards were decided for higher studies in England. The 
rman of the Award Committee, Dr. Mian Muhammad Afzal Husain, then 
~Chancellor of the University of the Punjab, knew Salam and his outstanding 
emic achievements. Even though Salam’s father was not a “farmer”, he had 
all piece of land as his property, which technically qualified him for the 
larship. In fact, the Vice-Chancellor called Salam and advised him to apply 
dmission in a British University immediately, because he had decided to 

ard him the scholarship even without a formal interview and other routine 
Mlirements. 
- Salam was lucky beyond everyone’s dream to be informed of his admission 
the University of Cambridge on the 4th of September; his scholarship was 
founced on the Sth of September; and he was on his way to Bombay to be on 
hip sailing for England on the 8th of September, 1946. The following year 
‘akistan was established and the other five scholarships were cancelled! 

At the University of Cambridge, Salam was impressed by the near reverence 

- stadents had for their professors and the careful notes that they took of the 
ofessors” lectures. He was also greatly impressed by the strict discipline that all 
dents had to live by. There was nothing to prevent him from maintaining his 
sh standards of academic achievement and he earned a double first in 
athematics and Physics Tripos examinations. For his Ph.D. work he went to the 
vendish Laboratory in 1949 and completed his dissertation on the quantum 
fd theory of the electromagnetic force that was recognized as a major 
tribution in the field. 

= In 1951, after some months of lectures and research as an invited Visiting 
Jlow at the Institute of Advanced Study at Princeton where he met a number of 
tstanding American scientists, including Albert Einstein and J. Robert 
penheimer, he returned to Government College, Lahore, as Professor and 
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Chairman of the Department of Mathematics. He also served as Chairman of th 
Department of Mathematics at the University of the Punjab. He enjoyed his 
teaching and guiding his students but felt totally isolated from the scientific: 
world. In a guest editorial entitled “Aiding Physicists in Developing Countries”. 
(Physics Today, November 1978, p. 112), Salam wrote the following about his: 
problem: “When I returned to Pakistan in 1951 after working at Cambridge and 
Princeton in particle physics, I could, in a country of ninety million, call on just: 
one physicist who had ever worked with Dirac’s equations, for discussion, advice: 
and stimulation. The most recent issues of the Physical Review available were. 
dated just before the Second World War of 1939. The dues for The American: 
Physical Society cost nearly one month’s salary every year. There were no grants: 
whatsoever for attending symposiums or conferences. The only time I did attend: 
a conference in the United Kingdom I paid a year’s savings. To add to my agony, - 
I felt physics was relevant to my country’s needs only indirectly by enhancing. 
me as a teacher.” : 
Because of this stifling feeling of isolation from scientific contacts, he. 
decided to return to Cambridge University as a lecturer in 1954 and resume his. 
research work in theoretical physics. As luck would have it, Professor Blackett, 
the 1948 Nobel Laureate, who was then Chairman of the Department of Physics 
at Imperial College, London, was visiting Cambridge where he met the 1967: 
Nobel Laureate Professor Hans Bethe and asked him to recommend a suitable. 
person to be appointed Professor of Theoretical Physics at Imperial College.’ 
Bethe, who knew Salam and his brilliant scientific work and genius-level. 
potential, said that Abdus Salam was by far the best person for the position. After: 
the interviews and evaluation by the leading British scientists the appointment of 
Salam as Professor of Theoretical Physics at the Imperial College of Science at. 
the young age of thirty was flashed all across England. He was the second 
Professor from South Asia in the whole of England — Dr. S. Radhakrishnan, who- 
later became the President of India, was the first to have been appointed’ 
Professor of Philosophy at Oxford University. Professor Salam’s inaugural 
lecture on Elementary Particles was presided over by Professor Blackett, who 
said in his introductory remarks: “Dr. Salam had a meteoric academic career in 
Pakistan and seemed to possess an extraordinary facility for being unable to pass 
any examination in any subject except at the very top of the list. ... In 1955, he 
showed his administrative gifts by becoming one of the scientific secretaries of | 
the great international conference at Geneva on the peaceful uses of atomic 
energy.” : 


2.2 Salam’s love of his family." Chaudhry Abdur Rashid, the younger 
brother of Salam, remembered him as his “brother, parent, and teacher” who kept - 
a schedule of a sixteen-hour day of study and work and lived an unbelievably . 


? This section is based mainly on published remembrances of Salani after his death in 
Pakistani press, mainly in Urdu language, by some members of his family. 
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ie life. His sister Begum Hamida Bashir called him “an ideal human being” 
admired him especially for keeping his things very tidily in his room and 
ing that each thing should be kept in its proper place so that even in darkness 
could find it easily. He was very punctual in going to bed, waking up, 
forming religious duties, and studying. She proudly remembered his getting a 
y awarded by their native city of Jhang for his being the most beautiful and 
Ithy child when he was about four years old. She also recalled that he was 
fond of wearing Pakistani perfume and always liked to take small bottles of 
rfume as gifts for his international friends. 

alam’s first wife, Begum Umat-ul-Hafeez, remembered the forty-seven 
ars of their married life since 1949, as the most precious part of her life. He 
always so absorbed in his work that he seldom concerned himself with any 
ework and left it all to her. He went to sleep around 9 p.m. and got up 
mind 3:30, and after a simple snack, was at work by 4 a.m. until 7 a.m. when he 
eady and after breakfast left for college at 8 a.m. After spending the whole 
/ there he would come home for dinner and after a short rest be at work again 
bedtime. There were days when he had to work longer, so he would get up 
30 a.m. He was all the time absorbed in his work - even during his meals he 
a pen or pencil nearby and would write his thoughts or equations on a napkin 
hatever was around. He observed all the religious duties very punctually. He 
very fond of reciting the Holy Qur’an and always carried a small pocket 
dition with him and read from it as often as he could, especially during his 
tneys. He was always very strict about the education and training of his 
Idren. Every evening when he was home, he made a point of asking each child 
lat he or she had learned or done during the day. If he found any of them 
ng an academic problem, he took time to help them. His constant advice to 
the children was never to tell a lie. He exhorted them to work as hard as possible, 
cause one must do one’s very best in whatever one is doing and then leave the 
ult to God. He was very affectionate to all of them. He was also very careful in 
eting the needs of his brothers and sister, because he was the eldest son in the 
ily and his father’s income was not enough to meet their needs. He helped 
m by financing their education and weddings. All members of his family 
ew that he was a very exceptional person, so they did all they could to enable 
mn to devote himself fully to his work. 

Salam’s eldest daughter, Aziza remembered their Cambridge days when she 
was very small. He used to take her and her younger sister for boating on the 
arby Cam. Her special remembrance, after they moved to London, was of their 
ing out to eat fish and chips. She remembered his advice not to waste time and 
stay away from frivolous activities. Her younger sister, Asifa remembered that 
times he would get angry. Once she got a big scolding when he was getting 
dy to leave the house on a trip. She recalled, however, that on reaching the 
rport, he called her to say he was sorry to have lost his temper. On returning 
me from abroad he always brought small gifts typical of the countries he 
ited for all the children. Their youngest sister, Bushra remembered the doils he 
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brought for her from different parts of the world. She and her brother and sisters 
always looked forward to the picture postcards he used to mail them from abroad. 
She also remembered his taking them to the museums where he would point out 
interesting items and explain their importance. He often gave them writing - 
assignments and checked them in the evening. 

Salam’s British wife, Professor Dame Louise Johnson of Oxford University, 
who accompanied Salam’s body for burial in Pakistan, in a published interview — 
in Urdu translation, remembered him as a great man of our time. According to 
her, two of his most impressive qualities were his ability to persuade others to 
join in the cause of scientific work for world peace and progress, and his 
inspirational power to awaken latent potential for excellence in his students and 
colleagues. He accepted all the honors with great humility. When he fell ill and 
learned that his malady had no cure, he accepted it with great patience. First it - 
looked like Parkinson’s disease, but in 1993 it was found to be Palsy Progressive 
Supranuclear, which was a degenerative disease. Until his end he remained 
interested in learning about new ideas and discoveries, especially in physics and 
biology. 

Salam’s son from his Pakistani wife, Ahmad Salam wrote in his 
reminiscences:'’ “My father made perhaps one of the biggest sacrifices to 
achieve the aims and ideals he deeply believed in: his time to be with his own 
children.” He never heard his father talk about it much, but on one occasion when 
he did, the son could understand “the loneliness and sadness he went through in 
order to pursue his bigger goal.” He narrated the story that once when his father 
was asked how many children he had, his reply was: “a few thousand” — the — 
number of “his surrogate children” who had passed through the ICTP and whom . 
he gave a lot of encouragement and inspiration in addition to help in so many | 
ways. Ahmad Salam wrote that he always encouraged his children to read the © 
biographies of great people in world history. From his childhood he remembered 
their house being full of books and magazines in every room. He was very fond 
of visiting bookstores. In London he liked to browse in Oppenheimer’s in South |: 
Kensington and Karnac on Gloucester Road. He particularly enjoyed visiting 
second-hand bookstores on Richmond Hill, where he often found not only good : 
books but also good bargains. Salam also enjoyed music, especially Urdu 
ghazals, He enjoyed reading Urdu poetry, especially the poems of Ghalib, Iqbal °: 


RE HR eR GRUNER ECAR 


aS 


| 
; 


Dy PME RNR Eee SER RIES ASA 


and Faiz. He also loved reading books on Islamic art, especially architecture and 
calligraphy. He was very fond of listening to the recordings of Al-Qur’an, 


especially the recitation by Abdul Basit of Egypt. 

Umar, Salam’s son from his British wife, who accompanied his father’s body 
for burial in Pakistan, said that he admired his father for his most impressive 
quality of patience and quiet acceptance of all the pain and suffering during his 
jong and debilitating illness - especially during his last four years. He | 


In A Tribute to Abdus Salam, ed. by A.M. Hamende. Trieste: ICTP, 1999, p. 124. 
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temembered the great joy with which his father described to him the 25th 
nniversary celebrations of ICTP in 1989, saying that it was the happiest day of 
life and that Trieste always called him to spirituality. 
“Salam’s grandson Imran Saadi, in his reminiscences presented at ICTP, 
imed up the keynote of his grandfather’s personality as follows: “His humility 
something that has been passed on to all of us. He told us that if something is 
ot essential, learn to go without it and make full use of what you have. This 
ame from his own background, which he never forgot. His own roots were very 
mble and he carried this throughout his own life. He also taught us that time is 
the essence, and never to waste a single moment. He himself spent every 


ninute of his life working to better all the people of the world, especially the 
tudents of the Third World.” 


fe 


21. At the wedding of his son, 
Ahmed Salam, London, 1993 


0. Showing Nobel Prize award to his eee eee 
:Son Ahmad Salam and son-in-law, 22. Salam’s second son, 
Shehab Saadi, 1979 “ Umar Salam, 1997 


2.3 Salam’s love of his homeland. Salam loved Pakistan with great passion 
and all his life he did all he could to help his nation grow to its maximum 
potential. Only a couple of Pakistanis understood the nature of his scientific work 
but many had heard of the international honors he had earned for his researches 
in theoretical physics. The award of the Nobel Prize was taken by Pakistanis as a 
great honor to Pakistan, even though his determined efforts to establish his 
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Internationa] Centre for Theoretical Physics in Pakistan had failed, he had laid :: 
the foundations for such a center by helping to develop the Pakistan Institute of ©. 
Scientific and Technical Research (PINSTECH) and, had created other centers 
of scientific research and helped numerous young Pakistani scientists to study for - 
advanced degrees and carry on advanced level research at Imperial College, 
ICTP and other centers of major scientific work. 


IT must quote here a few lines from the very last message that Salam sent on 
March 13, 1996, only a few months before his death, to a conference in his honor 
in Karachi: “As you all know I am suffering from a rare illness which is known - 
as PSP. This is a disease, which essentially leaves the brain functioning perfectly 
but slowly destroys body’s physical responses. This disease has prevented me 
from visiting my beloved Pakistan. I miss my home country and would dearly 


love to see all my family and friends. I would not be with you today but please 
know you are in my heart and [ shall be thinking of you today. ... I have tried to 
show to its [Pakistan’s] aspiring people what a Pakistani can achieve. You as a 
scholar must continue to aspire and drive the future Pakistani generations to 
greater heights. ... It must be the role of each and every one of you to provide 
role model for all its citizens. We as the older generation failed to build the ideas 
and opportunities the country needs. We must put our differences and private 
agendas behind us and we must build a better Pakistan. We have wasted a great 
deal of time and allowed other countries to get ahead of us in the educational 
area, This must be halted. Never doubt your abilities to produce the best in the 
world. But remember the best will not come without hard work and total 
dedication. As Muslims we have a great heritage to inspire us and we should 
never forget that great and learned Muslim scholars few centuries ago led the 
world in so many fields. If J leave you with one final thought and a request, it is 
that now you must turn your minds to building a better Pakistan. The people 
deserve far more than we are giving them at present. Do not let them fall by the 
wayside simply because you are looking the wrong way. May Allah bless you 
and all your efforts. Once again my salam and best wishes to you all.” 


3, Abdus Salam’s Legacy 

In view of the fact that a number of scholars far more competent than ‘inoels 
have written about Salam’s legacy in their essays included as Part II in this 
volume, I have confined myself here to some brief remarks on Salam’s 
exemplary love of learning and his work as a scientist, and an institution builder. 


3.1 Salam’s exemplary love of learning. Salam was an exemplary life-long 
student determined to acquire comprehensive knowledge. He was always eager 
to learn new ideas wherever he found them and integrate them with what he 
knew and use his knowledge with selfless devotion to improve the human 
condition. His role models about whom he often spoke, among others, were the 
legendary “Scientist-Wizard” Michael the Scot (b.1175) who had left his 
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icland at the age of twenty-five to devote himself to study, research and 
anslate landmark works of knowledge at the Islamic University of Toledo in 
Spain, and Saif-ud-Din Salman, who in 1470 had no other choice but to leave his 
father in Qandhar to carry on advanced studies in astronomy at the famous 
gh Beg Observatory in Samarqand. It was an inspiration to hear Salam speak 
‘these and other great seekers of knowledge, especially some in our time whom 
he bad the privilege of knowing personally, like Albert Einstein and P.A.M. 


Dr. Ram Prakash Bambah and Salam were fellow students at the 
Government College, Lahore in 1942, Bambah remembers the excitement when 
ofessor Chowla, in his class in Mathematics, posed the unsolved problem of 
the legendary Indian mathematician Srinivasa Ramanujan, regarding four 
multaneous equations in four variables. The 17-year old Salam solved it in 
three or four days. He had suggested that the four variables were the roots of a 
quadratic whose coefficients could be found by solving a cubic. At Cambridge, in 
1950, Bambah recalls that Salam had renormalized longitudinal photons. When 
mbah told this to Professor Freeman Dyson at Princeton, his comment was: “If 
e has done it he will be very famous.” 

Professor Dyson in his memorial article on Salam in 1999 wrote: “I met him 
st in England when he was twenty-four, a student ... [from Pakistan]. I was 
en supposed to be a leading expert on the theory of quantum electrodynamics. I 
ickly found out that Salam knew as much about that subject as 1] did. He asked 
e for a topic for his research. 1 gave him the topic of overlapping divergences, a 
highly technical problem that had defeated me for two years. He solved it in a 
w months. ... Ten years later I could see that he had grown over my head. ... 
e ICTP remains a monument to his energy, his vision, and his unselfish 
edication to the task of bringing all peoples together in a common pursuit of 


Dr. Ghulam Murtaza, Abdus Salam Professor of Physics at the Government 
College (now GC University), Lahore, in his two Urdu articles on Professor 
Salam calls him “ek ’ahd saaz shakhsiat aur ’azeem ustaad” (An Epoch-Making 
ersonality and a Great Teacher).’" Murtaza, who studied under Professor Salam 
the Imperial College, wrote that his style of teaching was very different from 
t of his colleagues. For example, Professor Paul Matthews prepared his lecture 
id systematically presented each point to make sure that students understood it. 
rofessor T.W.B. Kibble practically wrote out his lecture on the blackboard, and 
he students copied it. Professor Salam’s method was to bring some books and 
urrent issues of the journals to the class with page markers and discuss a wide 


‘Published in The Ravi, Journal of the Government College, Lahore, Vol. LXOCXTV, 
997, pp. 32-41. 
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range of research topics, and jotting on the blackboard different points with 
arrows and signs linking one with the other. Many of the students would not 
understand some of the points, which were often beyond the reach of their minds 
and yet they would be excited by the experience and carry on their discussions 
outside the class. Salam was always in a hurry in his lectures to reach 
somewhere,thereby challenging his students to rise and fly with him. That is why 
those who stayed on to work with him rose to such heights in their respective 

fields of study and research. oS 

Dr. Salam’s African student, Dr. Daniel Akyeampong of the University of = 
Ghana, remembers Salam’s “infectious excitement and enthusiasm” as an 
inspired scholar eager to share all that he knew with his students. It brightened 
his classes at Imperial College and the working lunches at ICTP: “Salam has 
bequeathed to us knowledge and compassion” but above all it was his “vision — 
which was his humanity” that is his lasting heritage. 

Dr. Robert Delbourgo of the University of Tasmania knew Professor Salam 
as his teacher both at the undergraduate and graduate levels and as the supervisor 
of his Ph.D. dissertation at Imperial College, and finally as his “boss” and 
colleague at ICTP and collaborator on a number of research papers. He 
remembers the “moving experience” of. listening to his lectures as a “most 
inspiring teacher, his breakneck speed notwithstanding”. He “mixed well with 
the students” and was “a great source of inspiration” as a “charismatic 
professor.”Speaking personally, Delbourgo wrote that Professor Salam shaped 
his character and influenced his life “at crucial stages in so many different ways”. 

Munir Ahmad Khan, former Chairman of the Pakistan Atomic Energy 
Commission, remembers his last detailed meeting in 1992 at brealcfast that Salam 
made for him. As they ate in the kitchen he talked about his “working on 
applying the principles of physics and mathematics to biology for obtaining 
further insights into the origins of life. ... If he had lived longer he would have 
contributed more to our knowledge about the origin of life and how its character 
was determined by the weak interaction which violates parity.” 

Professor Gerhard Mack of the University of Hamburg remembers the last 
time he had a scientific discussion with him, a few months before the Salam 
Festival at ICTP in 1993. They were standing in front of the elevator for about 
ten or fifteen minutes, when Salam told him, in spite of his debilitating illness, 
about his developing interest in biology: “Jt was difficult to understand what he 
said. I had to get my ear close to his mouth. Nevertheless, he was full of 
enthusiasm. This is how I remember him.” 


| 3.2 Salam as a scientist. Salam’s scientific work covers half a century of 
devoted research that opened a number of exciting avenues attracting the 
respectful attention of the foremost scientists in the world. Bound albums of his 
published papers are preserved in the Abdus Salam Room in the ICTP Library. 
The most comprehensive published book of his scientific papers is Selected 
Papers of Abdus Salam with Commentary, edited by A. Ali, C. Isham, T. Kibble, 
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iazuddin (Singapore: World Publishing, 1994), The editors write in their 
ntroduction that Salam’s two hundred and seventy-five published papers “span a 
uge range and contain many seminal contributions. It is quite impossible to 
nclude all the important papers in a single volume. As editors, we have had to 
nake very difficult choices, omitting many papers that we would have wished to 
accommodate. We have tried to include representatives of all the different 
periods of his work and all the different fields to which he contributed, though 
nevitably some are better represented than others.” The papers, arranged 
chronologically, are grouped under five broad sections: 1) Quantum Field Theory 
and Dispersion Relation; 2) Symmetries and Electroweak Unification; 3) Lepton- 
Hadron Unification; 4) Gravity, Supersymmetry and Strings; 5} Condensed 
Maiter and Biology. The complete list of Salam’s papers is included at the end of 
he book. 

The book opens with Salam’s first research paper, which he produced when 
he was a fourth year student at Government College, Lahore. In the words of the 
editors it is a remarkable contribution from a 17-year-old college student in 
which he describes “‘a better way of solving a set of coupled nonlinear algebraic 
equations than the ones found earlier by the mathematical genius Srinivasa 
Ramanujan. ... Salam’s other early contributions, of which only a small selection 
is reprinted here, are far more important. He played a major role in the epoch- 
making advances in quantum field theory from 1950 onwards.” The papers in the 
first section made some key advances in quantum field theory, especially 
concerning proofs of renormalizability, and extended the validity of dispersion 
relations. The selected papers in the second, third and fourth sections show his 
‘pioneering work that not only earned him the Nobel Prize, but more importantly 
established him as one of the leading theoretical physicists of the century for 
opening new avenues toward a “Grand Unified Theory”. According to Ahmed 
Ali and his co-editors of the volume, the final section, representing his work 
during his last years, illustrates “both the breadth of his interests and the 
continuing originality of his ideas. Unlike most of his previous research, these 
papers are not concerned with elementary particles but with fundamental 
problems in condensed matter physics and biology. ...The papers presented here 
describe a very promising line of attack, involving field theories restricted to two 
spatial dimensions, corresponding to the layered structure of these materials. 
Also included are two papers proposing a solution to one of the long-standing 
puzzles of evolutionary biology — the origin of chirality or handedness in 
biological molecules. ... It is fitting that this selection should end, as it began, 
with papers demonstrating Salam’s penetrating insight, originality and wide 
interests.” 


Salam’s first major product of compiling, editing, and publishing of 
international scientific work is the monumental work, Theoretical Physics 
(Vienna: International Atomic Energy Agency, 1963). It consists of selected 
lectures presented at the Seminar on Theoretical Physics organized by the 
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International Atomic Energy Agency held at the Palazzino Miramare, Trieste, 
July 16 - August 25, 1962. On the inner title of the book Salam was given credit’ 
as “Director”. He was at the time Professor at Imperial College of Science and 
Technology, London. Salam was paid highest compliments for producing the 
Jandmark compendium. 

Sigvard Eklund, Director General of IAEA, wrote in his Foreword: 
“Theoretical physics is at present in a stage of rapid development. This makes it a 
very exciting field of research which attracts some of the most talented scientists | 
all over the world, It is of vital interest to theoretical physicists to report on their 
latest work, to discuss the results of recent research, and to exchange ideas on the 
many advanced theories which are constantly being put forward. Work in 
theoretical physics can be done away from the gigantic research centres which 

. are becoming ever more essential in other fields of science, but which only few 
countries can afford. Therefore, theoretical physics provides an opportunity for - 
scientists in developing countries to achieve important results and to make their _ 
mark without suffering the handicaps with which experimentalists in these 
countries have to contend. They depend, however, on ways of communication : 
and on a continuous flow of information which will keep them abreast of | 
research which is performed in other countries.” These lines point toward the 
need of an International Centre for Theoretical Physics (ICTP) formally proposed — 
at this conference by him as an official delegate from Pakistan. 

In fact, Salam’s dream of ICTP came true within two years at Trieste. His — 
Introduction to the book under his signature as “Scientific Director’ had the © 
following quotable lines: 

In mid-1962, one can distinguish three major areas of ferment in theory; firstly, 
there is the intensive development of quantum field theory; secondly, the search for | 
the symmetry properties of strong and weak interactions; and thirdly, the exploration 
of the analyticity of the scattering matrix in energy and angular momentum variables. 
The first four books of this volume survey these developments. ... 

The concluding part of this volume (Book V) is different in spirit from the rest. 

Its concern is with the emerging topic of very high energies, with a survey of strong 

interactions from Hayakawa, of electromagnetic interactions from Ericsson and — 

others, and of weak interactions at very high energies from Pais. 


Salam’s second book, Nonpolynomial Lagrangians, Renormalisation and 
Gravity, was prepared as “Session Leader and Reviewer.” It was the first of five 
volumes in the “Tracts in Mathematics and Natural Sciences” (New York: 
Gordon and Breach Science Publishers, 1971), comprising lectures from the 
Gables Conference on Fundamental Interactions at High Energy held at the 
Center for Theoretical Physics of the University of Miami, Florida, January 20- © 
22, 1971. It was hailed as “a thorough, penetrating survey of one of the most — 
active research programs of present day particle physics.” In the concluding part 
of his own chapter entitled “Computation of Renormalization Constants” (pp. 3- 
41), Salam observed: 
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t) The best thing which happened at this conference is the assurance that 
localizable nen-polynomial theories are perfectly respectable field theories — in fact 
more or less orthodox, rather tame from an axiomatic point of view. Not only that, 
they are superior to polynomial theories in that they permit (with Lehmann’s ansatz) 
an unambiguous and finite computation of renormalization constants. 

2) For far too long, particle physicists have neglected Einstein’s gravity. Our 
pe excuse has been the smallness of the coupling constant. We have now learnt that this 
: neglect is one origin of the conventional infinities of quantum electrodynamics. ... 

3) With F-mesons and with the postulation of the two-tensor theory of gravity, 
nuclear physics would appear to be another name for strong gravity ... Considering 
that he spent the later years of his life searching for a unification of the forces of 
nature, I am sure that if the Old Man were alive he would feel happy with this rather 
direct and amusing unification of concepts in the strongest and the weakest of the 
forces. As I said before, I feel we have left gravity theory too long to cosmologists. 
F-dominance of gravity, hedrons (and particularly quarks) as black holes mean that 
the experimental particle physicist has all along realized conditions of strong space- 
time curvature in his laboratory. His micro-universe is as good a place to study 
Einstein-like equations as the macro-universe. I would hope that at the next 
Rochester Conference, in addition to strong, weak and electromagnetic sessions, we 
have, as we had today, a fourth session devoted to gravity and particle physics. I 
hope also that by then our Chairman or some other experimental physicist will have 
established the quantum nature of gravitational radiation assumed throughout this 
lecture. (pp. 33-34) 


Salam’s third book, put together with E.P. Wigner as co-editor, is Aspects of 
Quantum Theory (Cambridge: Cambridge University Press, 1972), dedicated to 
P.A.M. Dirac “to commemorate his seventieth birthday and his contribution to 
quantum mechanics”. In his Preface, Salam and Wigner paid the following 
ribute to one of the greatest scientists of the 20th century, who had presented an 
original formulation of quantum mechanics and a quantum theory of the emission 
and absorption of radiation by atoms: “Posterity will rate Dirac as one of the 
greatest physicists of all time. The present generation values him as one of its 
great teachers — teaching both through his lucid lectures as weil as through his 
book The Principles of Quantum Mechanics. This exhibits clarity and a spirit 
similar to those of the Principia written by a predecessor of his in the Lucasian 
Chair in Cambridge.” The contributors included, among others, F.J. Dyson, W. 
Heisenberg, A. Pais, R. Peierls, and Salam with his co-author J. Strathdee. 


Salam’s next important book is his 1988 Dirac Memorial Lecture, 
‘Unification of Fundamental Forces.”'° Professor John C. Taylor in his Foreword 
to the book writes: “From time to time, science succeeds in unifying apparently 
diverse sets of phenomena. These unifications provide some of the most 
impressive achievements in the sciences. Unification, in this sense, means 


'S Abdus Salam. 1990, Unification of Fundamental Forces. Cambridge: Cambridge 
University Press. 
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understanding how apparently different effects are really aspects of a singl 
underlying thing. In the nineteenth century, for example, electricity an 
magnetism were unified. They are different, but they are intimatel 
interconnected, and in general situations it is impossible to imagine one without: 
the other.” (p. vii) In the 20th century one of the great achievements in physic 
has been the unification of electromagnetism with the weak force that an 
apparently totally different: “Electromagnetism ranges across any distance, fro. 
atomic to astronomical. The weak force, on the other hand, operates deep withi 
the atomic nucleus (for example) to produce radioactive decay.” (p-.vii) Abdu 
Salam, Sheldon Glashow, and Steven Weinberg were awarded the 1979 Nob 
Physics Prize for their work in the field to which a number of other scientists, 
notably the British physicists Peter Higgs and Tom Kibble, and the Dutch: 
theoretician, Gerard t? Hooft have made important contributions. : 
Salam presented in his landmark lecture an historical perspective on the: 
electro-weak unification within the framework of quantum theory with emphasi 
on the contribution of Paul Dirac. In a footnote he added that Freeman J, Dyso 
in his Infinite in All Directions (New York: Harper and Rowe, 1988) writes how 
according to Dirac the very greatest scientists in each discipline are generall 
unifiers. “This is especially true in physics. Newton and Einstein were suprem 
as unifiers. The great triumphs of physics have been triumphs of unification. W 
almost take it for granted that the road of progress in physics will be a wider an 
wider unification bringing more and more phenomena within the scope of a fe 
fundamental principles. Einstein was so confident of the correctness of this roa 
of unification that at the end of his life he took almost no interest in th 
experimental discoveries which were then beginning to make the world o 
physics more complicated, It is difficult to find among physicists any seriou. 
voices in opposition to unification.” (p. 5) 
Salam then traced the variety of unifying concepts used in physics from th 
beginning to the “Theory of Everything” (TOE) and today’s “Standard Model of: 
Particle Physics” where, in his own words, the fun lies at the moment to. 
determine “what the elementary entities are and to unify some of the forces 0 
nature between these elementary entities.’ He begins with Al-Biruni o 
Afghanistan, who lived a thousand years ago: “Al-Biruni, however, to m 
knowledge, was the first physicist to say explicitly that physical phenomena o 
the Sun, Earth and the Moon obey the same laws.” This was the argument thz 
occupied the minds of all scientific thinkers in the Middle Ages. “Thi 
deceptively simple idea is the basis of all of science as we know it. This wa 
independently stated and demonstrated by Galileo six hundred years late 
Galileo used his telescope (imported from Holland) to observe the shadows ca: 
by mountains on the moon. By correlating the direction of the shadows with th 
direction of the sunlight, he was able to assert that the laws of shadow making 
were the same on the Moon as on the Earth. This was the first demonstration of 
the fundamental principle — now known as the ‘Galilean Symmetry’ — which 
| asserted the universality of physical laws.” (p. 8) (Italics in the original) 
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Newton, around 1680, asserted that the force of “terrestrial” gravity — a 
ersal force that makes apples fall to the ground, was the same as “celestial” 
avity that keeps the planets in motion around the Sun: “Such a force is long- 
ige. Its effects can be felt at any distance, though attenuated by the square of 
> distance between the two ‘gravitating’ objects concerned.” (p. 9) The next 
ification of fundamental forces was postulated about one hundred and fifty 
ats later by Faraday and Ampere in the context of electromagnetism, “the 
ce of life’ (so-called because all chemical binding is electromagnetic in 
igin, and so are all phenomena of nerve impulses). ... Faraday and Ampere, in 
: greatest unification of modern times, were the first to show that electricity 
ind magnetism were but two aspects of one single force — electromagnetism. It is 
* an environmental factor which distinguishes between electricity and 
Magnetism — namely whether or not the electric charge is in motion or not. This 
the essence of the unification of electricity and magnetism. ... This unification 
the two disjoint fundamental forces of electricity and magnetism was the basis 
f electrical current technology of the nineteenth century which depended on the 
fieration of electric currents by rotating a coil of wire between the two poles of 
a magnet. This is the basis of the electric motors and electric dynamos which led 
0 the electric power stations.” (p. 11) 

Maxwell, fifty years later, “showed that if an electric charge is accelerated 
e., its speed changes or there is a change of direction), it would emit energy in 
the form of electromagnetic radiation (radio waves, heat waves, light rays, X- 
ays, gamma rays which differ from each other in respect of their wave lengths 
y). This miraculous unification has been the basis of the technology of the 
twentieth century, with radio, television and X-rays dominating our lives.” Salam 
dded that Maxwell had unified electromagnetism with optics and “he verified 
that the speed of light could be expressed in terms of two known constants 
which described electric and magnetic properties of the vacuum), as predicted 
'y his theory.” 

Ten years later, Hertz of Germany. demonstrated the electromagnetic 
adiation produced by accelerating electric charges. In 1905, Einstein’s Special 
Theory of Relativity “placed space and time on an equal footing” and “the well- 
known relationship between mass and energy” as well as a number of other far- 
eaching unifying ideas. “With his General Theory of Relativity in 1915 he 
showed that the curvature of space and time determined gravity — curvature is a 
feometric notion while gravity is one of the fundamental forces of nature. Thus 
e was able to accomplish the geometrization of physics. Einstein started 
exploring the connection between gravity and electromagnetism to see if 
electromagnetism could be looked upon as a geometrical property of space-time 
O unite the two forces of nature. Einstein spent thirty-five years exploring this 
dream of his.” Salam mentioned Kaluza’s explorations in this context resulting in 
his 1919 paper that he sent to Einstein. Later this work was followed by Klein. 
Salam also referred to Friedman, a Russian astrophysicist, who considered the 
overall structure of the universe and found that an expanding universe could arise 
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as a solution of Einstein’s equations. Hubble confirmed these experimentally and 
discovered that distant galaxies are receding from us, in accordance with these 
ideas. Penzias and Wilson further extended these ideas in 1965. : 
In the second part of his lecture Salam spoke of the two nuclear force 
discovered in the 20th century: the so-called “weak” and “strong” that were 
“consistently ignored” by Einstein and Dirac.’® First he discussed the concept o 
elementarity of matter. Of the four “elementary” entities proposed by the Greeks 
three (earth, water and air) could be called “elementary” entities of matter while 
the fourth (fire) represented a force. Discussing briefly the work of Rutherford in 
1910, Joliot-Curie’s work in 1932, and Hofstadter’s in 1956, Salam spoke ot 
Dirac’s famous equation of 1927 that was an attempt to unify quantum 
mechanics and special relativity. His equation described not only positive energy 
particles but also “negative” energy objects that had not been seen by anyone. 
This led to the prediction of the existence of a new particle, the positron, as 

the antiparticle of the electron. Positron was discovered a few years later anc 
advanced further in 1956 by Segre and Chamberlain and the 1965 production o: 
antideuterons by Zichichi et al. In the words of Salam: “Dirac was a genius both 
in mathematics and physics” and “the equation of Dirac and its successft 
reinterpretation is one of the greatest triumphs of twentieth century physics.”(p. 
33) So, from contemporary scientific perspective there are four fundamental 
forces of nature: the weak and strong nuclear forces and the bloc tominenene 
force and the universal force of gravity. 
Salam devoted the third section in his lecture to the unification of the weak 
nuclear force with electromagnetism. The difference between the approach of 
Faraday and Einstein and Salam’s generation of scientists is that rather than 
seeking the unification of electromagnetism and gravitation, today they seek the 
unification of electromagnetism and the weak nuclear forces, because these a 
the “gauge” forces. Salam started looking at the problem of unification in the 
1950s. The next stage came when he moved to the electroweak unification to the 
strong nuclear force as a gauge force and the Standard Model and from there te 
beyond the Standard Model and the idea of Supersymmetry. The further stage of 
unification beyond the Standard Model, according to Salam, was to attempt the 
unification of the strong nuclear force with the “electroweak” force commonly 
known as the Grand Unified Theory proposed by Salam and Jogesh Pati in 1972 
~—and in a different version in 1974 called the new Electronuclear Force. The las 
stage was the quest for the unification of gravity with the other forces that wa: 
Salam’s great dream. 


An especially memorable occasion for Salam was the three-week Sil 
‘ Jubilee of ICTP from October 14 to November 3, 1989, attended by two hundred 


'© The weak nuclear force was first discovered by Madame Curie. It plays a crucial role in 
the energy production by the sun. It is universal but not as universal as gravity. It is called 
weak because of its smallness in strength compared with the electromagnetic force. 
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ited scientists from around the world, including six Nobel Laureates, for 
res and seminars on High Energy Physics, Mathematics and Condensed 
et Physics. The Italian Prime Minister Giulio Andreotti inaugurated the 
am and paid glowing tributes to Dr. Salam for creating ICTP and TWAS 
for making Trieste “The City of Science” and a world center for bringing 
entists together to shape a New World. Professor Ting of CERN announced on 
ccasion that experimental results obtained a few weeks earlier at CERN’s 
‘atory confirmed the theories of Professor Salam on the unification of forces 
ture. 
he concluding ceremonies on the 3rd of November were conducted by Prof. 
Schrieffer, the 1957 Nobel Physics Laureate, who bowed and saluted Prof. 
and announced that the only gift they all wanted to present to him was a 
m written by the famous theoretical physicist Frederick Reines (who later 
1 the 1995 Nobel Prize in Physics): 
From out of the east there came a man 
Who thought to divine a cosmic plan 
To unify the hearts of man 
And make whole, concepts deep and grand.” 


In March 1993, Salam’s co-recipient of the 1979 Nobel Physics Prize, 
fessor Steven Weinberg and some other colleagues organized an international 
nference to honor Abdus Salam on his retirement as Professor at the Imperial 
Hlege, London. Scientists from thirty-two countries were brought together to 
nor a man who is universally recognized as “one of the main architects of 

ern fundamental physics” and “who has devoted all his active life to the 

lopment of science around the world.” I present below a sampling of some 

© comments on Salam as a scientist gleaned from the technical papers 
blished as the landmark, Salamfestschrift: A Collection of Talks from the 
nference on Highlights of Particle and Condensed Matter, edited by A. Ali et 
(Singapore: World Scientific, 1994)."* Jt is an excellent source 
understanding different dimensions of Salam’s own scientific work and the 
Ww avenues he opened for others. In the opening chapter of the book Weinberg 
<nowledged that as a graduate student he had spent a “fair fraction of his time 
mastering Salam’s analysis of overlapping ultraviolet divergences, and then as 
s0st-doc at Columbia in using Salam’s result that renormalization makes all 
égrals and all subintegrals however chosen superficially convergent, to show 
it the integrals actually converge.” 

In the words of Professor Zichichi of CERN, Vienna: “One of the most 
portant and original contributions te the advancement of physics is the 
yention by Abdus Salam of Superspace. The unification of all forces of Nature 
ing his great dream. ...The Einstein four dimensional Space-Time has 


or the complete text of the poem see p. 451 in this volume. 
See Chapter 63 in this volume. 
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developed into a Superspace where the number and the properties of the original 
dimensions is now 10-bosonic plus 32-fermionic. These frontiers of Physics are 
dominated by the Salam dream of the Superworld.” 

Professor Kibble of the Imperial College of Science wrote in his paper that 
Salam made many important contributions to unraveling the symmetries but this 
was not his first love: “His real goal was always to find the ultimate theory that 
would describe the weak, electromagnetic and strong interactions, and ev 
gravity — what we would now call a theory of everything. Discovering the 
symmetries provided important clues to this theory, and was therefore more of a 
means than an end in itself.” In the later part of his research paper, Kibble added: 
“And, of course, Salam went on to even greater unification, for example in his 
work with Pati on lepton-hadron unification and with Strathdee on 
supersymmetry and superfields and on Kaluza-Klein theory. I could mention 
many others. ... It was a tremendous privilege to be part of the team led by 
Professor Abdus Salam, and to participate in this voyage of discovery.” 


3.3 Salam as builder of international institutions. The naming of ICTP after 
Abdus Salam was the historic occasion when some of the finest tributes were 
paid on this important aspect of his personality. The first anniversary of his 
death, November 21, 1997, was celebrated as the Abdus Salam Commemoration 
Day by his colleagues, students and dignitaries from around the world. I have 
included excerpts from some selected presentations on the occasion as Chapter 
71 in this volume, but a few memories of Salam as an international institution 
builder deserve our attention here. 

Dr. M.A. Virasoro, who succeeded Dr. Salam as the Executive Director of 
the Centre, wrote in his Foreword to the published volume” that the selected 
tributes were “a modest token of our admiration for all the works of Abdus Salam 
and of our gratefulness for the magnificent legacy he has left to this and to future 
generations.” Salam was an acknowledged master in his field of specialization, 
as well as an outstanding communicator with political leaders of our time that 
helped him develop ICTP to the exemplary level of excellence in such a short 
time. Dr. André-Marie Hamende, a senior staff member of ICTP, who edited the 
volume of presentations at the memorial meeting, wrote that Salam was “a 
mature cosmopolitan personality” and he was honored to work with him for 
thirty years (1964-94). The most impressive quality that was at the root of his 
great success as the head of ICTP and other organizations he built or helped in 
developing was his, in Hamende’s words, “multi-tasking capacity: he could. 
switch from one subject to the other with the velocity of lightning.” Luciano 
Bertocchi, who was one of Salam’s closest associates for nearly twenty years and: 
served as Deputy Director of ICTP, recalled that it was a period of extreme hard. 


'9 4 Tribute to Abdus Salam: Commemoration Day 21 November 1997, edited by A.M. 
Hamende. Trieste, Italy: The Abdus Salam International Centre for Theoretical Physics, 
1999, [The Abdus Salam Memorial Meeting , 19 to 22 November 1997] 
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;, of initiating and laying foundations of fascinating new projects, but also of 
re problems because of financial difficulties that often brought the Centre 
ost to collapse, but Salam was always able to pull everything through because 
as “a man of great humanity, although this aspect of him might have been 
den by his energy, by his will to do more and more and to request the same 
ym. those who were working for him.” There were two qualities of Salam that 
‘essed Bertocchi above all others: his capacity of going straight to the heart 
problem and his great enthusiasm to explore new avenues and launch new 
écts, even when he was not sure of success. 
Dr. M.H.A. Hassan from Sudan, Secretary General of the Third World 
demy, who was very close to Salam since 1974 at ICTP and from 1983 
ard as Executive Secretary of TWAS, and Dr. Hassan Dalafi from Iran, who 
together Abdus Salam’s Renaissance of Sciences in Islamic Countries (1994) 
pressed their special appreciation of Salam’s “passion for the rejuvenation of 
iénce in the Islamic world — once a bastion of innovation and creative 
se”. They call him “the greatest scientist in Islam since Ibn al-Haitham and 
Sina” and highlight what the famous science writer Nigel Calder called 
alam’s cosmic anger’ at the frail base of science and technology in the Muslim 
ities today as they waste millions on wars and political conflicts, while their 
nomic, scientific and technological structures remain locked in imitation. 
1m made several well-planned proposals and took steps toward the 
tablishment of the Islamic Commonwealth of Science, and the creation of the 
mic Science Foundation, to move toward a hopeful tomorrow contingent 
n five basic preconditions: “passionate commitment, generous patronage, 
vision of security, self-governance, and internationalization of the scientific 


tsonality was his deep sense of history, especially Islamic history, Islamic 
ilization, and the teachings of the great Islamic philosophers, which were 


Prof. J. Song, Chairman of China’s Science and Technology Commission, 
; among many who admired Salam’s wholehearted devotion to the promotion 
cience and technology in the world, reflected, above all, in the founding of 
‘P and TWAS and their affiliated organizations, that won him the admiration 
m all over the international scientific community. 

Everyone who worked with him recognized that Salam was an equaily 
passionate admirer of great men of science and knowledge across cultures and 
éologies who were devoted to the welfare of all human beings. For example, 
hapter 39 in this volume shows Salam’s reverence for the Hispano-Jewish, 
ulti-talented, scholar Maimonides (1135-1204), often called “The Moses of his 
me” who had assimilated the best of Greco-Islamic knowledge and “laid the 
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foundation of Jewish preoccupation with modern Science.” Salam as 4 
mathematician was greatly impressed by Maimonides’ far-reaching thesis in his 
Dalatat al-Ha’irin that there are concepts that can be proved mathematically 
without our ability to conceive them. But he was most inspired by his belief that 
“human perfection is inseparable from knowledge, that the acquisition of 
knowledge is one of the highest forms of religion, and that man must be good 
before he can be wise.” Salam wanted to establish many scientific institutes 
around the world so that the coming generations could be educated in line with 
such great benefactors of humanity. 


Salam was deeply interested in helping women scientists to acquire the best 
possible facilities to shape the future of humanity on more humane lines away 
from nuclear armaments and other disastrous military ventures. Dr. Lydia 
Makhuba, President of the Third World Organization for Women in Sciencé 
(TWOWS) with headquarters at the ICTP campus in Trieste — one of the several 
international institutions Salam initiated. and helped build up ~ remembers him 
for his dedication to the uplifting of women in science, for the unique 
contribution that women scientists can make in focusing science to address the 
basic needs of humankind, In her words, Salam appreciated the “need to help 
women transcend socio-cultural barriers and join the international scientific 
community ,,. to improve the quality of human life. His ideas on this subject will 
remain a crucial cornerstone in all endeavors by women scientists to participate: 
fully in the advancement of science and, more so, in those scientific pursui 
which aim at improving the lot of humankind.” 


In going over the vast number of Salam’s papers, I came across som 
important articles and notes on the general subject of World University and the 
United Nations University (UNU). I have included four of them as Chapters 12; 
14, 16 and 17 in this volume, and there are several places in this volume where 
he discussed his ideas on the creation of these institutions. Without over- 
emphasizing his role in the creation and development of UNU, I must say that in 
December 1967, U. Thant, UN Secretary General (1962-72), told me during o 
meeting:”” “Your country-man Dr. Abdus Salam, because of his experience as t 
Founder-Director of ICTP, deserves credit for helping us with ideas on the 
creation of United Nations University. Pakistan must be very proud of men of. 
the caliber of Professor Bokhari and Professor Salam.” U Thant formal 
proposed the idea to the UN General Assembly in September 1969, leading to the 
adoption of the Resolution by the UN General Assembly in December 1972 and: 
the request to the next Secretary General Kurt Waldheim to appoint a Founding: 


?° In connection with my in-preparation book on the late Professor Ahmed S. Bokhari, 
UN Under Secretary General. (On This Earth Together: Ahmed S. Bokhari at UN, 1951 
1958, ed. by Anwar Dil. Foreword by Ralph J. Bunche, Nobel Peace Laureate. San 
Diego, California/Islamabad, Pakistan: Bookservice/Intercultural Forum, 1994.) 
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Mimittee of twenty experts from different disciplines and countries to draft the 
arter of UNU. Dr. Andrew Cordier, former UN Under Secretary General, who 
at the time Dean of International Studies at Columbia University, was 
yointed Chairman of the Founding Committee. The Secretary General in his 
ning statement to the Committee said: 

Dissemination of knowledge, exchange of academic personnel, and the 
° generation of catalytic ideas would constitute the central functions of the University. 
Consequently, most of the scholars may be expected to participate in the network’s 
activities in a rotational, rather than permanent basis, It is felt that the problem of the 
“brain drain” which afflicts many of the developing countries, will be at least 
artially alleviated when the scholars keep their positions at their national 
- universities and research centres and visit units of the United Nations University 
periodically in a system of “dual appointments.” 


Dr. Harold Taylor, Chairman of the National Council of Peace Strategy and a 
rominent American educationist member of the Committee, told me that it 
minded him of lines from one of Salam’s memoranda on UNU. During my 
etings with Dr. Cordier in connection with the Bokhari book he also expressed 
admiration of Salam’s devoted work for establishing UNU and gave me 
opies of Salam’s “The Advancement of Science for the Developing Nations” 
apter 12) and “Memorandum on a World University” (Chapter 14). The 
ited Nations University was approved to be established early in 1973 and 
lam continued to advise and evaluate its various programs and projects right to 
he end of his active life. In November 1996, Dr. Heitor Gurgulino de Souza, 
ctor of UNU, called Salam’s death “a great loss for the United Nations 
iversity, for he had not only been involved in its establishment but: had also 
ed as Chairman of its Advisory Committee for many years.” 


* Salam was able to initiate and participate in the creation of these and other 
titutions because of some very special personal qualities. One ‘in particular was 
ntified by Professor John Ziman of the University of Bristol, who admired 
alam for his “diffusion of the delight, the marvels, the beauties, the pressures of 
great discipline in which we were engaged”. He saw Salam’s extraordinary 
wer of persuasion as the secret of his great success as a planner and builder of 
cientific institutions around the world, and calied him “a magician in getting 
anyone to work with him in realizing his mission.” For example, during his visit 
0. Peru in February 1980, he asked his friend Dr. Victor Lattore to get together 
ocal scientists and engineers, especially those associated with the Atomic 
ergy Commission, to discuss what they could do to raise the GNP of the 
ountry. He advised them to develop their mineral industry by getting in touch 
with Australian miners for perforating rocks with electron accelerators. During 
us visit to Cusco, on the way to Machu Picchu, he met the Rector of Cusco 
niversity and planned with him a summer school that was, as a result, 
stablished as Multiciencias and is functioning admirably. 


} 
5 
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Julius Nyerere, Former President of Tanzania, with whom Salam worked in. 
the South Commission, said it best: “He was a man of great simplicity of. 
character, demanding nothing for himself except a chance to serve what he 
believed in.” And Dr. Hans Blix of Sweden, who greatly admires Salam’s vision 
to build international institutions, has written: “During my sixteen years as 
Director General of the International Atomic Energy Agency, I had many. 
opportunities to meet Abdus Salam in Trieste and in Vienna and for admiring his 
brilliant intelligence, his innovative way of attacking problems, and _ his 
unyielding energy.” 


3.4 “O Lord, work a miracle.” In 1994, Salam received a copy of Mary 
Joseph’s Great Scientists: Abdus Salam (New Delhi: Learners Press, 1994), a 
small book for little children with a dozen or so cartoon-like colored sketches 
highlighting his growing up in a family of humble means and through 
concentration on his studies and scientific research achieving outstanding 
academic distinctions. What pleased Salam most was the author’s emphasis on: 


the following to inspire children: 
Abdus Salam had now become a famous man. ... “It is a sense of humility that leads 

most scientists to the truth, and it is a sense of wonder that leads them to a Superior Being,” 

said Salam, as he sat in his office at ICTP, talking to a group of Asian students. On the wall, in 
front of him, was a framed inscription of a prayer. Lord, work a miracle, it read. Pointing to it; 
Salam said to them, “This is my reminder of the power of miracles, provided one sets them 
going with hard work.” 


Two books of his writings were published that year: Selected Papers of 
Abdus Salam, a compendium of his scientific papers, edited by A.Ali, C. Isham,. 
T. Kibble, Riazuddin; and, Renaissance of Sciences in Islamic Countries, edited 
by H.R. Dalafi and M.H.A. Hassan, supplementing his earlier volume of general 
essays Ideals and Realities. In the shelves in his room were several revised 
versions and translations in a number of international languages of his Science 
and Technology: Challenge for the South, and his other books. 

It is possible that in a moment of reflection on how far he had come in nig 
work memories of a series of what he liked to call “little miracles” might have 
flashed on his mind: the creation of ICTP in 1964 and TWAS in 1983, as well as 
the Third World Organization for Women in Science (TWOWS), and the Third 
World Network of Scientific Organisations (TWNSO). All were located as he 
desired at Trieste, the proverbially beautiful meeting place of the East and West. 
and the North and South, and all of them carrying on the mission of his life. He 
could not believe that only a few months back in April, another great dream of 
his had also come true: the inauguration in his homeland of COMSATS — the... 
Joint Commission on Science and Technology for Sustainable Development in... 
the South with headquarters in Islamabad. “i 


This was the time that his disease, active since 1988, started debilitating his 
bodily functions. But luckily his mind was as clear and creative as ever. In fact, 
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alam was in the midst of applying the principles of physics and mathematics to 
logy and hoping to find new insights into the nature of life. Jt is amazing that 
kept reading and writing right to the end of his days in 1996. Professor Sergio 
scarenhas of the University of Sao Paulo, Brazil, has recorded the following: 
When I last saw him in Oxford he was very ill. Holding his trembling hands, I 
uld still see in his eyes that incredible shining glitter that made his presence 
orgettable to everyone who had the privilege to meet him personally and to be 
ed by him.” 


4. Concluding Remarks. 1 would like to go back to the time when Abdus 
alam was a little boy and used to begin his school day by singing with his 
assfellows the famous Urdu prayer by the poet-philosopher Muhammad Iqbal 
877-1938) who was to become one of his guiding lights. 
Lab pih aati hay du’a bun ke tamanna meri 
Zindagi sham’a ki surat ho khudaya meri 

Dur dunya ka mere dum se andhera ho jaae 

Har jagah mere chamakne se ujala ho jaae 

(My life’s aspiration comes to my lips as prayer, 
May my life be like a candle, 

May my life make the world’s darkness melt away, 
May my light make every place sparkling bright!) 


The 13-year old Salam was asked by his 9th grade 23. Muhammad Iqbal 
sacher to write an essay on the first death anniversary of Iqbal. The original 
Iqbal Meri Nazar mé” (Iqbal in My View) is reproduced in this volume (p. 626) 
rom his school notebook. It shows his great admiration, and is written in the 
lassical Urdu style of the masters of Urdu literature. The great philosopher-poet, 
vho also hailed from the Punjab, became Salam’s role model. Like Iqbal, he 
fent to study at the Government College, Lahore, where Professor Ish Kumar of 
¢ Department of English, a great lover of Iqbal’s genius, inspired him to study 
irdu, Persian and English works and memorize gems like the following Persian 
ouplet: 

Talabum nihayat-e aafi kih nihaayat-e na daarad 

Ba nigaah-e naa shakebe ba dil umeed daare 

(I am searching for the ultimate that has no ultimate 

New vistas with ever searching eyes and a heart full of hope) 


Salam devoted himself to personalize Iqbal’s vision of Insaan-e-Kaamil (The 
deal Human), inspired by Self-affirmation, Self-expression, and Self- 
levelopment, to make one’s Self as perfect as possible, at the same time 
ontributing his best through devoted Sclf-lessness and Self-transcendance for 
e development of others in the human family, because one’s truest Self 
chieves fulfillment only in society. 


i 
i 
|: 
| 
4, 
\ 
i 
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Salam was always fond of quoting Iqbal’s own words on the subject: “We 
are gradually traveling from chaos to cosmos and are helpers in this achievement 
Nor are the members of the association fixed; new members of the association 
are ever coming to birth to co-operate in the great task. Thus the universe is not a 
completed act: it is still in the course of formation. ... The process of creation is 
still going on, and man too takes his share in it, in as much as he helps to bring 
order into at least a portion of the chaos.” This forward movement of the 
simultaneous cultivation of Selfhood by acquiring knowledge and wisdom and 
Self-transcendance by giving one’s best to others can be possible only if, in 
Iqgbal’s words, one is fortified by Ishq (Love) in the sense of the creation of: 
unifying ideas and relationships and working toward a world of peace and’ 
progress for all. 

Dar ’amal posheeda mazmoon-e-hayaat 
Lazzat-e takhleeq qanoon-e- hayaat 
(Work for adding new extensions to Life 
To delight in creation is the Law of Life!) 


This is the vision of Iqbal that inspired Salam and that is why he once said’ 
that he was an “adna khaadim of Iqbal” (a humble follower of Iqbal). He. 
certainly followed Iqbal’s mission of bringing the domains of Faith and Reason 
together in human personality with the unshakeable conviction that “the day is 
not far when Religion and Science may discover hitherto unsuspected mutual 
harmonies.” Another role model for whom Salam used similar words of 
indebtedness in November 1992 at the Fourth Annual Conference of The Third 
World Academy of Sciences (TWAS) in Kuwait, was Sir Syed Ahmad Khan 
(1817-1898), the great transformational leader and founder of the Aligarh’ 
Muslim University in India. Ae 

Of course, there were others across time and space who were his role models" 
and about whom he has written admiringly in his essays in this volume. What is: 
important is how he assimilated the diversity of their knowledge and wisdom to: 
make his personal and professional life rise to the world stage and earn epithets: 
like the following: “one of the physicists that changed the world”; “Faraday and’. 
Maxwell would have been delighted with his achievement”; “modern day: 
Einstein”, “one of the greatest men of our time”; “his life and work will continue. 
to inspire generations of young scientists not only in the developing world but all : 
over the world.” 


It has been a privilege for me to have known Professor Abdus Salam and a: 
most rewarding experience to work on this volume in my “On This Earth 
Together Series.” He knew that I was working on this book, and he liked the idea: 
of dedicating it to his “inspirational role model” — Muhammad Iqbal. - 


San Diego, California 
March 17, 2008 
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PART I. SELECTED WRITINGS 
BY ABDUS SALAM 


24. Abdus Salam, 1962 
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25. Title Covers of Some of Abdus Salam’s Books 


Synunetry Concepts in Modern Physics Ideals and Realities; Selected 
(1966) Essays of Abdus Salam (1984) 


Science and Education in Pakistan Unification of Fundamental Forces 
(1987) (1990) 


Renaissance of Sciences in Islamic Selected Papers of Abdus Salam 
Countries (1994) (1994) 
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Ly Concept of Successful Life 


It is indeed difficult for me to establish the standards of success in life. 


faybe I will be able to do so in the next fifteen or twenty years. 
At this moment perhaps I can only say this (in Iqbal’s words): 
Badarya ghalt o ba mojash dar avez 
Hayaat-e javidaafi andar satez ast 


(Rise, and grapple with the waves! 
Life immortal is in daring struggle!) 


perial College of Science 
mdon, : 
ne 13, 19580 


Written for and first published in Kaamyaab Zindagi ka Tassawur (Urdu. : | 
Concept of Successful Life], edited by Anwar Dil and Shamim Younas, p. 140. F | 
Lahore: Maktaba-c-Jadeed, 1964. nl 
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Technology and Pakistan’s Attack on Poverty 


I wish to begin by offering my sincerest thanks to my colleagues for the 
honor they have done me in electing me as General President. I feel doubly 
proud because our meeting takes place in this historic city of Dhaka. In my: 
experience there is no part of Pakistan where scholarship in its own right carrie: 
more esteem, and where a scholar receives more personal affection than in Eas 
Pakistan. This unfortunately is a dying tradition elsewhere but one which lives in. 
Dhaka and I would like to begin by paying a tribute to this. zs 

In my address today I would have tiked to speak about the scientific fiel 
have been privileged to work on, about the elementary particles of physics 
those ultimate constituents of which all matter and all energy in the Universe i: 
composed. I would have liked to explore with you the frontiers of our knowled 
and our ignorance, to tell you of some of the concepts the physicists have created 
to comprehend God’s design. I would have liked to show you that with all his 
pragmatism, the modern physicist possesses at once the attributes of a mystic as 
well as the sensitivity of an artist. I would have liked to convey to you some o 
the wonder, some of the fascination, as well as some of the heartbreaks of the 
physicist’s craft. : 


But I shall not do this. In electing to speak on a general subject like 
“Technology in Relation to Pakistan’s Attack on Poverty”, rather than on 
Elementary Particle Physics, I am following the illustrious tradition of m 
predecessors in this office. More particularly, I have in mind the eloquen 
Presidential Address on “Technology and World Advancement” delivered b 
Professor P.M.S, Blackett to the Dublin meeting of the British Association for: 
Advancement of Science in 1957. If I speak part of the time about the laws of: 
economics rather than the laws of quantum physics, it is because like Blackett, 
interpret Technology not in its narrow industrial sense but as somethin 
embracing the scientific organization of most modern life. There are times when 
in all humility, a mere scientist may also express himself on ideological matters 
not because he has new insights to reveal but because there are things he: 
believes passionately in, which need saying and cannot be said often enough. 


We in Pakistan are very poor. This poverty we share with the majority of the 


Address as President of the XIIE Annual All Pakistan Science 
Conference held at Dhaka, January 11, 1961. 
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an race, with some one thousand million people in about a hundred 
ntries. Fifty percent of us in Pakistan earn and live on less than eight annas 
f a rupee] a day; seventy-five percent live on less than a rupee. This rupee a 
ay. includes the two daily meals, clothing, shelter and education, if any. In 
trast, some four hundred million inhabitants of Europe and North America 
ve on an average daily income of fifteen rupees. 

It is important to realize that this uneven distribution of wealth is of a 
latively recent origin. Three hundred and fifty years back, Akbar’s India and 
ah Abbas’ Iran compared favorably in living standards with Elizabeth's 
ngland. Soon after, however, the Western growth started. Jt coincided with a 
reat technological advancement in agriculture and manufacturing methods. New 
nical advances on a limited scale have occurred from time to time in the 
story of human societies. These advances have always led to increased 
sperity. What, however, distinguished the nineteenth century technological 
volution was the fact that it was firmly based on a scientific mastery of natural 
ws. This gave man so much power, and it has led to so great an increase in 
duction, that for the first time in human history, there is no physical reason 
r the existence of hunger and want for any part of the human race. 

The realization that hunger, ceaseless toil and early death can be eliminated 
rt whole societies, and not merely for parts of societies, is something new. The 
ist hundred years have seen nation after nation start with something like our 
ditions and crash through the poverty barrier. The laws governing this type of 
ansformation ate now well understood. First, a society must acquire the 
quisite technological skills; secondly, it must save and re-invest more than five 
ercent of its national income to productive enterprises. This minimum of five 
ercent just offsets the depreciation of existing wealth. To double the standard of 
ving in forty years an investment rate of 10-15% is needed; to double it in a 
lecade, a nation needs to invest about 25% of its national income. 

Skills and capital — these then are the two pre-requisites for building up a 
elfreinforcing economic growth. Nation after nation has achieved this in the 
ast two centuries, each nation leaving the imprint of its own peculiar experience. 
‘our of these experiences — those of Britain, Japan, Russia and China — however, 
tand out clearly. The British were the first to show that the poverty barrier can 
e crashed through if skills and capital are available. The Japanese showed that 
‘echnology is communicable; that it is easy to learn and acquire. Having been 
onditioned’ for years to look with misty, uncomprehending eyes at the 
ngineering miracle of an airliner, I still remember the shock of my life when I 
irst visited the De Haviland Aircraft Factory at Hatfield. Instead of an organized. 
ssembly line where I expected to see molten aluminum being poured in at one 
nd and a Comet Airliner coming out at the other, all I saw was something like 
n overgrown metal-smith’s workshop in rural Pakistan. And when two women 
n overalls lifted a couple of aluminum sheets while a third started welding them 
ogether with a manually operated welder to make part of the fuselage, I am 
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afraid I lost my respect for the mysteries of the manufacturing craft. I do not fo 
one moment wish to suggest that all technology is electrical welding. Ther 
the other part of the story — the aerodynamic design of the Comet where 
high-level scientific talent comes in. But the Japanese experience forced honi 
the moral that technological competence is not a hereditary characteristic; that: 
can be acquired and in fact acquired rather quickly. The third important lesso 
came from Russia. It showed that transition to sustain growth need not take: 
century or longer. It can be telescoped into the span of one man’s life provide 
heavy industry receives top priorities. And then finally there is the Chines 
experience, underlining that cheap labor is itself a form of capital. 

Summarizing the economic part of our argument, skills and sufficient capit 
rightly invested are the major ingredients of self-reinforcing growth. On the roa 
to achieving sustained, compounded growth of this type, all nations have left th 
imprints of their peculiar experience, but four stand out clearly: the Britis 
experience, showing that it can be done; the Japanese experience, tl 
technology is easy to acquire; the Russian experience, that priorities on heav 
industry accelerate the growth; and the Chinese experience, that cheap Labo: 
itself a form of capital. 


From this brief and highly idealized economic summary, let us turn to 
realities of the situation in Pakistan. _ 

The facts of our poverty are obvious enough and I am not going to mit 
words about it. You can go out in the streets and see it all around you. J am’ 
referring now to the obviously shelterless, the obviously needy. I have in min 
more the uncomplaining millions, with their suppressed hunger, the milli 
who, and I speak from experience, seldom get the two regular meals of the da 
the millions who must often choose between buying badly needed food or a bi 
for their schooling children. We live with a crushing poverty of the sort whi 
Europe or America has not seen since the day when Dickens wrote. The marve 
to my mind always is that the human spirit does not break and that most of the: 
needy are still able to keep a dignified exterior. 

The sense of what can be achieved, on the other hand, hits you most whe 
you visit an affluent society like that of the United States. You just canno 
believe the plenty — the plenty not for the few but for everyone. Every time I am. 
privileged to visit that great country, I have to remind myself afresh that it 1 
indeed possible to produce so much for so many. 

I do not say all this in any spirit of envy. This prosperity is due to 
organization of society where scientific knowledge is fully exploited to incre 
national productivity. This prosperity is a portent of hope; hope that possibl 
within our lifetime, using the same methods, we in Pakistan may also achieve t 
same. | 

Our poverty raises not merely material but also spiritual issues. The Hol 
Prophet, may peace and blessings of Allah be upon him, said, “It is near thai 
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verty may become synonymous with kufr.” I shall not attempt to translate kufr 
o, English; the nearest equivalents, apostasy or unbelief can never convey the 
mnotations, which kufr has for a Muslim audience. Let me say with all the 
hemence at my command that I would like to see this saying of the Prophet on 
door piece of every religious seminary in Pakistan. There may be other 
teria of kufr as well, but in the conditions of the twentieth century, in my 
ion, the most relevant criterion of kufr is the passive toleration of poverty 
thout the national will to eradicate it. 

“T have mentioned technological skills and capital as the two prerequisites 
fore a pre-industrial society like ours can crash through the poverty barrier. 
tually there is a third and even more important prerequisite. There is the 
tional resolve to do so. In Professor Rostow’s words, “a nation’s take-off into 
stained growth awaits not only the build-up of social overhead capital — capital 
fested in communication networks, schools, technical institutes — it not only 
ts a surge of technological development in agriculture and industry, but it 
o needs the emergence to political power of a group prepared to regard the 
ernization of the economy as a serious high order political business.” Such 
the case in Germany with the revolution of 1848; such was the case with 
pan with the Meiji restoration of 1868; such was the case with the Russian and 
ese revolutions. Our independence in 1947 could have provided us with the 
cessary stimulus. Unhappily this was not the case. Our independence did not — 
nitely did not ~- coincide with the emergence of a political class which made 
onomic growth the centerpiece of State policy. I can still recall the 
erminable arguments, conducted in private and public, in the early years of 
kistan, about its ideology. Never in these discussions did 1 hear the mention of 
‘al eradication of poverty as one of the primary ideological functions of our 
W State. 

True enough, the country registered commendable progress in the 
anufacture of consumer goods — though, one must not forget, with appalling 
ffering to the consumer himself. True enough the establishment of the Pakistan 
dustrial Development Corporation was a triumph. But at no time was this 
lopment purposefully designed to achieve the breakthrough we have talked 
out. The First Five-Year plan was commissioned in 1955, a full eight years 
er independence. It did not receive formal approval of the government till 
57. During those years there was a total neglect of the primary sector of our 
onomy — agriculture; we squandered the windfall surpluses of the Korean War 
om in buying, on Open General Licenses, European cosmetics and 
diograms. It is not only that we failed to develop basic heavy industries, we did 
t even make any provisions for their future establishment; not even to the 
tent of starting to get our men trained in basic technologies. And, lastly, we 
mpletely neglected the exploitation of our minerals. Not even a survey was 
dertaken. 
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It would be right to date our progress to the “take-off” from the assumptiot 
of power by the present Government. I believe when the future history o 
Pakistan is written, the greatest significance of the revolution of 1958 will co 
to be recognized as the resolve for the first time of Pakistan’s Government 
achieve the breakthrough within five years. This resolve is reflected first b 
recognition of the need for bold planning for agricultural development, fo: 
exploitation of minerals and most important for all, for heavy industry. Secondly: 
it is reflected in the recognition that a liberal provision for develop 
technological and scientific skills is the wisest investment a nation can make. . 

Take our new Five-Year Plan first. It is a sagacious plan though perhaps nc 
as audacious as I would like to see. It aims at achieving the crucial 10-15% 
investment level. It places due emphasis on our primary sector of agriculture 
envisages the beginning of a basic heavy industrial complex, particularly th 
steel industry. And, most importantly, it sets about exploiting our one industria. 
source material — the Sui and Sylhet gas — to set up a petro-chemical industry.: 

Quite often one hears abroad the rather sneering statement thé 
underdeveloped countries look upon steel mills as national monuments: 
personally confess to this complex, and for very good economic reasons 
Without a heavy industrial base, nothing is possible in the long run. To take on 
pertinent example given by Professor Mahalanobis (the great Indian statistici 
let us consider the problems of providing 700,000 tons of extra grain needed fo 
the five million annual increase of Indian population. There are four ways. 
getting this extra grain: buy the grain; buy fertilizer to grow the grain; buy plant 
to make fertilizer; or finally build heavy engineering capacity capable of makin 
fertilizer plants. The cost of buying grain works out at 300 million pounds; th 
cost of buying fertilizer is one-third of this, and the cost of fertilizer plants abot 
one-fourth. But the real saving comes if one sets up heavy manufacturin 
capacity to make fertilizer plants. The cost then is just some ten million pounds. 
If the last alternative is chosen, one must however start planning some eight or. 
ten years in advance of the season in which the fertilizer would be used. 

It is gratifying that so far as fertilizers are concerned, our planners hav 
chosen the third alternative. We are not planning to buy fertilizer but we sha 
make it in the country. Personally, of course, I would strongly fave 
Mahalanobis’ last alternative — to set up the heavy manufacturing capa 
within the country to make fertilizer machinery. The Second Five Year Plan 
made a beginning toward this by contemplating steel production of 400,000 ton 
As steel producers and consumers it will put us in the same world class as’ 
Republic of China and though I cannot say I feel satisfied with this, it is at least 
beginning. | ‘ 

Turning again to the question of 10-15% capital investment needed. f 
achieving the economic breakthrough, there is a vital 3%, which must 
provided for in Foreign Exchange to buy foreign goods, foreign machinery at 
foreign know-how. It is this crucial 3-4%, which must come from the advance 
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tries either in the form of long-term loans or outright gifts. During 1957-58, 
> two and a half billion dollars were provided by the USA, UK, USSR and 
ce as aid to underdeveloped countries. Let us make no bones about it; this 
entails sacrifices for ordinary people like us in the donor countries. In the 
ed States, stores always show prices without the Federal Tax. The tax is 
d on at the counter so that one is highly conscious of the extra imposition by 
time the purchase is completed. Thus whenever I have had to pay the ten 
its of Federal Tax while shopping around, the thought that at least a quarter of 
ent was going into foreign aid lightened the burden for me. It also gave me 
d respect and admiration for all those who constantly make this sacrifice. 

he economists have estimated that in order that this aid brings its fullest 
act, it must be stepped up from two to at least three billion dollars annually 
Kept at this level — with a guaranteed continuity — for a very long time to 
ne. To get the scale right, it is perhaps worth mentioning that the Marshall aid 
Europe just after the War ran to about twice this figure, though of course the 
id recovery of Europe made its continuance unnecessary after three years. 

As I said before, the aid is a gift and it necessarily entails sacrifices and there 
ry little we can offer in return — at least for a very long time. Whether it will 
Il not be forthcoming is in the end a moral and spiritual question. I can only 
ste sages like Rostow who has spoken of “the resources of spirit, will, and 
ight which the West needs, quite as much as stcel and electric gadgets, to do 
jobs which extend not only to missile arsenals and the further diffusion of 
Ifare at home” but to the Five Year Plans of the nations abroad. I can only 
ite Blackett when he speaks about “the uneven division of wealth and comfort 
ong the nations of mankind, which is the source of discord in the modern 
rd, its major challenge, and unrelieves its moral doom.” I do not know if a 
ure historian will find it ironic that in the 1960s, three billion dollars of aid 
ere not easy to find while sixty billion dollars were annually spent stocking the 
rid arsenals with atomic weapons, missiles and rockets. And I find it strange 
during 1957-58 while underdeveloped countries received 2.4 billion dollars 
aid, they lost two billion dollars in import capacity — in getting paid less for 
‘commodities like jute and cotton which they sell and in paying more for the 
ustrial goods which they buy. Paul Hoffman calls this a “subsidy or 
tribution by the underdeveloped to the industrialized countries” — a subsidy 
ich almost washed away the entire sums received in aid. And as a physicist, I 
d it the height of hypocrisy to pretend that the man-made satellites orbiting in 
ce and each costing at least as much as the entire yearly budget of Pakistan 
fe been sent up only to collect data on cosmic rays. All this makes no sense. It 
points to one thing: the bankruptcy of world statesmanship in dealing with 
blems of hunger and want. Dare I say that what the world needs today is a 
at successor to Keynes to preach on a global scale that the raising of living 
ndards of any depressed region is a collective world responsibility. Dare I say 
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that we need a great successor to Roosevelt to give a New Deal not simply to 0 
part of the United States but to a large part of the human family. 


I have talked so far about our plans and the position regarding capital. I n¢ 
wish to turn to the question of the provision of technical skills. And this is whe 
we as scientists directly come in. Q 

Nowhere more than in this respect can we see the force of my remar 
regarding the recent change of climate in Pakistan. This change is. embodi 
particularly in the work of Education and Scientific Commissions. 

Consider first the category of technicians who understand the scientific 
foundations of their craft. It is an awful fact but nevertheless true that in 
entire liberal arts-dominated educational history of British India, there never w: 
anything analogous to the British National or Higher National Certificates. 
Technology. I could not believe it when I was first told that Great Britain hi 
three hundred colleges of technology spread all over the country training 30,0 
technicians every year. One of the most far-reaching recommendations of: 
Pakistan Education Commission is the provision to establish enough techni 
schools and polytechnics to produce 7,000 technicians a year. Our ma: 
problem is the staffing of these technical institutions. I purred with pride | 
year when Sir John Cockcroft spoke to me about the excellence of our ari 
technical school and their technical instructors. I am sure it will not. 
impossible to tap this reservoir for providing teachers in the early stages. 

We in Pakistan are disposed to think of Scotland as a prosperous state with 
the British Commonwealth. I was startled the other day to read an article by | 
J.M.A. Lenihan, entitled “What is wrong with Scotland?” After painting a rath 
gloomy picture of consistent economic decline, Dr. Lenihan concludes that t 
decline stems entirely from lack of trained technologists. To the objection tha 
there is no industry in Scotland, there is no need for technical colleges,.. 
Lenihan counters by remarking, “The scientist, the technologist and: 
technician are, in the main, products of the educational system, not of th 
industrial system in which they hope to work. A coherent demand for techni 
education facilities will not rise from an assortment of industries but th 
existence of technically trained people will facilitate the growth of n 
industries.” = 

Dr. Lenihan’s viewpoint about skills coming before industrialization has 
course a peculiar relevance to our situation in Pakistan. Some ten days bac 


heard a similar comment from Professor S$. Tomonaga, the great Japan 
physicist, now President of Tokyo University. Speaking of the spectacular rise 
the Japanese transistor industry, Professor Tomonaga attributed it to a care 
cultivation of the art of calligraphy. Every Japanese child must spend ye. 
learning the calligraphic arts at school; this develops a sensitivity of touch 
nimbleness of fingers, a peculiarity suited as they have now discovered. 


Life and Work of Abdus Salam 85 


istor assembly and development. Clearly no skills or special talents a nation 
cultivate are ever wasted when the spark of industrialization comes along. 

- There is one other passage from Lenihan’s address, which I would like to 
ote. After listing a number of difficulties which face Scottish economy, he 
“on to say, “Many of the difficulties that have been mentioned are the 
ral consequences of living in a country” — that is Scotland — “where science 
not taken seriously enough. How else can we describe a country which, 
hting for economic survival in a world dominated by technology, allows the 
sic sciences of physics and chemistry only the status of half subjects in the 
ool curriculum.” There is perhaps, in Dr. Lenihan’s remarks, a considerable 
al for Pakistan’s secondary education. 

Perhaps the most depressed community, till recently, among technicians in 
kistan was — and so far as university teachers are concerned still is — the 
mmunity of scientific workers. All scientific research institutes in Pakistan 
ve been run under the uncomprehending bureaucratic control of Government 
stries. And when I say control, I mean control. We seem never to have 
enized that in a science-dominated world there ever could be any tasks for 
kistani scientists. The official attitude towards Science has been at best one of 
tant indulgence, somewhat like the attitude of the learned divines in the 
t and most intolerant days of the Bukhara Emirate towards the local clock- 
rt who was a Christian. He was permitted to enter the mosque for repairing: 
wer clock only on a plea that after all, in the matter of technical usefulness, 
yas on par with the donkeys, which carried the stone-slabs into the mosque in 
first place. Why should the clock-maker suffer a greater social disability? 
t only did our bureaucracy adopt the divines’ attitude to the clock-maker but 
‘if possible, the clock-maker was hired from abroad. 

One aspect of this neglect is the awful fact that there are so few of us in the 
untry. According to the statistics collected by the Scientific Commission there 
total of sixty trained physicists in Pakistan. To get the scale right, this is 
ghly the number of correspondingly trained men you may find in any one: 
don College. In scientific research, unfortunately, it is no longer possible for 
single person to achieve his individual breakthrough. Before science can 
rish and a scientific tradition can develop, there has to be a critical size, a 
tical number of trained scientists at one place. Once the critical number is 
iched, the chain reaction starts; the group becomes self-reacting. Otherwise it 
nply withers and dies away. 


I have great hopes that all this is going to change. As you know a Scientific 
mmission was appointed by the Government last year, and it has presented its 
lort. From the manner in which the government has reacted to reports of its 
ious Commissions, I venture to predict that 1961 may be the beginning of a 
era for scientific research in respect of its organization, in respect of the 
ssive training programs which may be initiated and in respect of the calls 
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which the nation may make on its scientific talent. In fact I have a feeling tha 
the boot may soon be on the other foot. I only hope we, as scientists, can rise. 
the challenge and are not found wanting and unprepared. 


What exactly are the tasks in which we as scientists can make an immediai 
contribution? One could list a number, ranging from problems of lo 
productivity in agriculture, problems of flood control and water-logging, to 
optimum use of Sui-gas. To take one concrete example, a new method for ga 
reduction of low-grade iron ore has been developed in Mexico. Most ste 
producing countries are of course not interested in gas-reduction for they posse 
plentiful supplies of coke. The Mexican process is producing one million tons: 
steel annually. Our situation in Pakistan is similar to that of Mexico. We posse 
gas as well as low-grade iron ore. It is gratifying that our Department 
Scientific and Industrial Research has independently started a small developme 
project for the process. If successful, it may revolutionize our steel econom 
Would you not agree that the project needs topmost blessing and the high 
priorities? 


I would like to end by briefly reiterating some of my remarks. In hopin 
achieve the breakthrough to national prosperity, we, like most other p 
countries, depend considerably on numerous factors beyond our national cont 
But there are a number of internal prerequisites the nation must satisfy before 
transformation of our society will take place. The first and foremost of thes 
the firing of the entire nation and harnessing of its spiritual energy, to 
objective of eradication of poverty within one generation. This will n 
constant reiteration of the economic objectives; in particular this will nee 
convincing the nation that the economic policies are designed to enrich: th 
whole society and not merely a part of it. 1 do not know how the youth of Dhaka 
spend their evenings but as a measure of a nation’s consciousness, I shall 
happy when Lahore, for example, makes a transition from its present literary t 
technological culture and instead of love-lyrics in the Mall Cafes, © 
discussions range freely and fiercely — at least part of the time — over the targ 
of the Five Year Plan. , 

Let us be absolutely clear about the nature of the revolution we are trying 
usher in, It is technological and scientific revolution and thus it is imperative | 
topmost priorities are given to the massive development of the nation’s scienti 
and technological skills. And finally, let us, as scientists, face and live up t 
challenge thrown up by Pakistan’s poverty. Let future historians record that th 
fifth important lesson in economic transition to prosperity was taught: 
Pakistan in achieving a rate of growth as rapid as the Russian and the Chines 
but without the corresponding cost in human suffering. 

Let me end by quoting from the Holy Qur’an: “‘The Lord changeth not wh 
is with a people until the people change what is in themselves.” 0 
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eed for an International Centre for 
-oretical Physics 


Two years back in September 1960 the Pakistan delegation had the privilege 
o-sponsor the first resolution requesting the Agency to create an International 
tre for Theoretical Physics. During these two years the idea has progressed; 
ly by the most generous financial offers from the Danish and the Italian 
nments to help in setting up such a Centre and secondly by the enthusiastic 
pport the idea has received from the world community of physicists. ‘The panel 
hysicists which was convened by the Director General in March 1961 whose 
rt was circulated to member Governments enthusiastically endorsed the idea 
e Centre; they defined its scope and objective and discussed the manner in 
ch it could be set up and run. I shall be referring frequently to the 
clusions of this panel. 


In considering the question of whether the Agency should set up such a 
tre, in the final analysis, there are just three questions we should ask 
selves: 1) Does research in Theoretical Physics fall within the scope of the 
ncy’s activities? 2) Do physicists from the emerging countries really need 
‘desire such a Centre? 3) If the Centre is desirable, can it be created and 
ally can the Agency afford it? 


Let us examine the issue in the light of these three questions. First: Does 
rch in Theoretical Physics fall within the scope of the Agency’s activities? 

: submission of the sponsors of the resolution before us is that there are 
eed fewer sciences, which have contributed more to the coming of the atomic 
than theoretical physics. Even if we ignore the fact that Einstein was the first 
ntist to dream of equivalence of mass and energy and to create the whole 
of our science, even if we forget that two of the world’s leading theoretical 
Sicists, Fermi and Wigner, built the world’s first atomic reactor, we dare not 
t that:there are still uncharted areas in theoretical plasma physics which are 
tal to the tapping of fusion power. We dare not forget that in spite of all our 
ances in nuclear physics, we still do not know the theoretical expression for 


peech delivered at the International Atomic Energy Agency (IAEA) 
nference, Vienna, 1962. 
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the law of force between two nucleons. These indeed are areas in Theoreti 
Physics of direct and immediate concern to the Agency; with research in them 
major responsibility. Let me name these areas again; these are reactor theo 
plasma theory, low energy nuclear theory, theoretical high-energy physics. T 
last may sound on the very speculative side of theoretical physics. Bu 
sometimes wonder what reply an Agency like ours may have given to a requ 
of a young and perhaps unknown theoretical physicist, Albert Einstein in 1904 
he had made an application for a Fellowship to follow his theoreti 
speculations in the nature of space and time, Who among us would have drea 
that he would come up also in the same paper with the relationship of energy ¢ 
mass? Who among us dare say today that a wild theoretical speculation on | 
nature of the u-mesons may not be relevant to the energy problems of tomorror 


My remarks about theoretical physics and its relevance to the Agenc' 
activities are not to deny the role of other scientific disciplines, nor to deny | 
Agency’s responsibilities to them. But as we shall see, the greatest cla 
theoretical physics has rests on one thing peculiar to it: theoretical physics nec 
no apparatus, it is the least costly of all sciences. The return relative to cost 
this discipline is the highest. If the Agency has to choose among fundamen 
sciences on a tight budget, theoretical physics is. undoubtedly the subje 
choice to support in respect of the immense scientific prestige the results of 
theoretical investigations would bring to the Agency as sponsors. The case. 
the Agency to support Theoretical Physics gets strong when we consider | d 
subject from the point of view of the emerging countries. 


First and foremost let us not forget that young scientists in © 
underdeveloped world feel the urge to meet the challenge of fundamental scien 
as much as anyone else. Among the fundamental sciences, theoretical phys 
has a peculiar fascination for them: First, no costly apparatus is needed; secot 
in this field individual initiative — rather than large collaborative effort — can still 
lead to a breakthrough. Almost invariably theoretical physics is the first science 
in smaller countries, which gets developed at the advanced level. History be: 
this out; this was the case in Japan with Nishina and Yukawa; this was the cé 
with India, this is happening now in Brazil, Turkey, Lebanon, and Argentina. Né 
one can reverse the historical process of the order in which science grows in ri 
and poor soils. But in spite of the native ability, in spite of the ambitions of the 
scientists, they, in common with other scientists m their countries, suffer fr 
one fatal disability — isolation. After an initial period of brilliant work at some 
active center, they are faced with a cruel choice; either to leave their countries 
to ossify and become scientific administrators. Unlike other scientists who 
disabilities may include lack of costly equipment and apparatus, the theoretical 
physicist can be helped at a very small cost, by making frequent conta 
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le, by awarding him frequent visiting Fellowships to live for periods at 


oiled down to its essentials, we are therefore talking of an extended 
hip program. I believe up to this point a very large number of delegates 
ith us. J think the misgivings of some of the delegates start at this point, in 
anner in which such a Fellowship program may be administered. The 
"manner to do this as suggested by SAC is to have a large number of 
iships available at a selected number of regional or national centers like 
‘Copenhagen, Dubna and Princeton. Please notice that even if these 
hips are given by IAEA, in view of the fact that the normal time for 
ssing a Fellowship by an Agency is seventeen months, one would have to 
ese particular Fellowships at the disposal of the Centers we are talking 


such a Fellowship program is fine. But its crucial weakness is, that 
not enough places in the existing centers to meet the demands for 
hese centers. This was emphasized by the panel of distinguished 
ts — some of them from the centers mentioned. This has further been re- 
ed by the letters the Director General has received from CERN and 
xen. In effect, by creating the Centre, the Agency would be adding some 
‘places for visiting Fellows from the East, from the West and from the 
countries to the world total now available with a strong orientation 


attended also by a representative of UNESCO. On his authority, we 
is a fact that while UNESCO is deeply interested in such a Centre, by 
it is barred from creating it under its own auspices. An important 
often asked is, will such a Centre lure the scientists from the emerging 
away from their homes. Our answer is- an emphatic “No”; on the 
the Centre will help in stemming the torrent of migration. If one is 
being able to spend periods up to six months or a year working on a 
oblem after every two or three years, the incentive to become an exile 
bly decreases. 


do the physicists from the underdeveloped countries want such a 
e have before us a document signed by fifty-three of the participants 
d the Seminar at Trieste. Twenty-five of these were first-rate men 

ler countries. Let me read just a line or two from their letters: “While 
t cross-fertilization of ideas has taken place during the six weeks of the 
1¢ Seminar has served to underline the need for a Centre — in order for 
oint work to be done, contact for more than six weeks of a summer 


*” 
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Let us turn now to the third point: 

Ts it scientifically possible to create such a Centre? Can one find three: 
four distinguished physicists who feel that they would make a more import 
contribution by joining this Centre as permanent staff? Would oth 
distinguished men come to this Centre as visiting Professors? We humbly submj 
that the answer to these questions cannot be given by a debate at a meeting of the 
Board of Governors. The answer depends on whether the world community, 
physicists is enthusiastic about such a Centre. I can only give my person 
impressions. I know for a fact that great men like Niels Bohr, Yukawa, Beth 
Weisskopf, Marshak, Schwinger, Pais, Infeld, to name but a few, are strongly 
favor of an International Centre. No such Centre now exists; once it is created 
there are scores of activities it can engage on, like arrangements of Seminar 
secondment of physicists for visits to smaller countries. Inevitably the Cent 
will become the clearinghouse for new ideas. With it is associated at present th 
idealism of the world community of theoretical physicists. 


Finally, and most important, can the Agency afford such a Centre. For | 
capital expenditure we have two magnificent offers. The running costs relai 
mainly to Fellowships. From informal contacts again we understand that. 
addition to the generous beneficiaries mentioned earlier, a number of priva 
foundations may provide all the Fellowships necessary. It is our belief that tl 
Agency will have to make a very small contribution, if any, from its. o 
resources. The major aim of the resolution we are presenting is that the Board.¢ 
Governors should make a serious effort to tap such sources before the idea of 
Centre is condemned on financial grounds. 


Gentlemen, let us project ourselves twenty years from now. The world: 
moving closer, economically, intellectually, scientifically. In twenty years, thé 
will be international research centers not only for theoretical physics but f 
most fundamental sciences. The world trend is in this direction and nothing c 
stop it. It is possible for us in this Agency to take the initiative in forwarding this 
movement. | do hope very much we shall. With these words I commend to. you 
the resolution in front of us. 1 . 


aia e FA x ss 
26, Participants in the 1960 seminar that spurred the creation of ICTP; 
Abdus Salam (right), future Director, with Paolo Budinich, future Deputy Director 
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eases of the Rich and 
yiseases of the Poor 


Nine hundred years ago the great physician of Islam, Al-Asuli, writing in 
ant Bokhara divided his pharmacopoeia into two parts: “Diseases of the 
ich” and “Diseases of the Poor’. If Al-Asuli was alive today and could write 
bout the afflictions of mankind I am sure he would again plan to divide his 
harmacopocia into the same two parts. Half his treatise would speak of the one 
ffliction of rich humanity — the psychosis of nuclear annihilation. The other half 
uld be concerned with the one affliction of the poor — their hunger and near 
ation. He might perhaps add that the two afflictions spring from a common 
se — the excess of science in one case and the lack of science in the other. 

At least so far as the problem of world poverty is concerned, none will 
stion the thesis that with man’s recent mastery of science and technology 
re is no physical reason left for the existence of hunger and want for any part 
the human race. ] wish not so much to preach the virtues of a scientific 
anization of society, but to provide a necessary objective perspective to the 
ctical problems of science and development. 

[have always been puzzled by how few people among the richer nations are 
lly aware of the intensity of world poverty. Contrasting the two ills of Al- 
uli, nuclear death and starvation, it is no doubt true that from Moscow or New 
rk the possibility of ultimate nuclear annihilation appears grimly near. But in 
artoum or Karachi the living death of daily hunger is nearer still. Fifty percent 
people in my country of Pakistan earn and live on eight cents a day. Seventy- 
€ percent live on less than fourteen cents. This fourteen cents includes the two 
ly meals, clothing, shelter, and any education. To us, the unresolved conflicts 
the East and the West appear as distant wearying conflicts, inevitable luxuries 
a state of physical well-being. For us, the nuclear problem is tragic only in 
t it leads to a criminal waste of the earth’s resources, For me personally it is 
gic for it claims the last ounces of the strength of some of the greatest sages of 
ge — sages like Bertrand Russell — who may otherwise have preached the 
nediate crusade against hunger and want. 


ut why are we poor? Mostly no doubt through our own follies. But let me 
mbly suggest that it may partly also be that we are financing some of the 


First published in Bulletin of Atomic Scientists, Vol. XLX, No. 4, April 1963. 
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prosperity of the rich. Year after year I have seen the cotton crop from my villa; 
in Pakistan fetch less and less money; year after year the imported fertilizer COS 
more. My economist friends tell me the terms of trade are against us. Betwe 
1955 and 1962 the commodity prices fell by seven percent. In the same peric 
the manufactured goods went up by ten percent. Some courageous men ha’ 
spoken against this. Paul Hoffman called it a “subsidy, a contribution paid by th 
underdeveloped countries to the industrialized world.” In 1957-58, 
undeveloped world received a total of $2.4 billion in aid and lost $2 billion’ 
import capacity (through paying more for the manufactured goods it buys an 
getting less for what it sells), thus washing away nearly all the sums received 

aid. I am sure that even a fully armed world with the largest possible stockpit 

of armaments can forego further impoverishing the poor in this way. I am sut 
there are enough resources, technical and material, to cure the diseases of th 
poor even if the rich cannot agree to cure their own affliction. 


-, 


But first let me make my premises clear. I am not referring to science as 
way of life, only to the important roles of science and technology in rais 
living standards rather quickly. We must all realize that this is the science of a 
unglamorous variety. It consists largely of taking stock of a country’s natur. 
resources. It consists of the long process of acquiring some of the well-know 
technical skills. It consists of making an imaginative assessment of which of t 
resources can be technically exploited most expeditiously, within the human an 
the material means at one’s disposal. 

Unfortunately, in most undeveloped countries there are few men who cai 
make the right lists of priorities. This is not because they do not know the need: 
it is more because what science and technology can achieve is only very vagu 
apprehended. The greatest single long-range contribution individual scientis 
can make is in helping to create such men. There is fortunately more that can b 
accomplished sooner. | 

First and foremost there is the need, in P.M.S. Blackett’s phrase, fo 
“world supermarket” in science and technology, a comprehensive display in on 
place of what science and technology can achieve in raising living standards 
at what cost. One of the finest initiatives to do just this has come from the Unite 
Nations Conference on the Applications of Science and Technology held’ 
Geneva in February. The technical supermarket conference unfolded will, I al 
sure, make rational assessment of priorities easier. 

But the problem does not end with a conference. Even after one knows whi 
one wants and what one can afford, for a very long time to come developin: 
nations shall have to rely on importing technology. The chief suppliers 
technical firms of consultants and contractors. It is at this crucial stage 
counsel and advice that the technical knowledge and the idealism of the scienti 
can help. 
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I have nothing against technical firms as such. Some of them have done 
perb jobs, particularily when their tasks were clearly delineated in advance. But 
the very nature of their specialization, they are concerned with a narrow 
gment of development. And naturally enough, they do not possess the 
ngest of urges to help develop indigenous technical talent. 

An example of an alternative possibility is one of the most valuable of 
ntific and technical ventures of recent times: the 1961 study of Pakistan’s 
ense salinity and water-logging problem by a team of university scientists, 
culturists, engineers, and hydrologists from the US led by Roger Revelle. No 
sulting firm could ever have assembled such diverse talents; no commercial 
anization could ever inspire the same degree of devotion. 

I do not know what international mechanism there exists at present for 
mbling missions like these. I wonder if it is too much to hope that the 
ruary UN conference may be followed by the creation of a permanent UN 
ncy on applications of science and technology. I am sure collective thinking 
Id devise such an agency or some other means to channel the immense 
rvoir of idealism combined with technical competence which many groups of 
tists possess, 

arlier I alluded to the immensely more important task of helping to develop 
te men in the smaller countries themselves. The only one way to do this is 
build up a true scientific tradition there. By locating international research 
‘ggrams in the smaller countries, by awarding research contracts to their 
ing research centers, by visiting and by responding generously to their 
fing requests, these incipient centers could be brought into the vigorous 
stream of science. This in the end will also bring economic salvation. 

have only very briefly touched on some of the ways scientists can help. To 
the greatest portent of hope is that men of science have begun to be 
rested in this problem in addition to nuclear disarmament.1 
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Pakistan and Technical Development 


Three centuries ago, around the year 1660, two of the greatest monument: 
modern history were erected: one in the West and one in the East. These we 
respectively, St. Paul’s Cathedral in London, and the Taj Mahal in As 
Between them, the two symbolize, perhaps better than words could describe, th 
comparative level of architectural technology, the comparative level: 
craftsmanship, and the comparative level of affluence and sophistication, the t 
cultures had attained at the epoch of history. 

But about the same time there was created — and this time only in the We 
a third monument; a monument still greater in its eventual import for humanity 
This was Newton’s Principia, published in 1687. Newton’s work had. 
counterpart in the India of Mughals. 


It is my purpose, today, to lead you through the fate of the technology w 
built the Taj Mahal, when it came in contact with the culture and technok 
~ symbolized by the Principia of Newton. 


The first contact came in 1757. Exactly one hundred years after the build 
of the Taj Mahal, the superior fire power of Clive’s small arms had infecte 
humiliating defeat on the descendents of Emperor Shah Jahan. One hund 
years more, and in 1857 the last of the Mughals had been forced to relinquish 
crown of Delhi to Queen Victoria. With the last Mughal, there passed away no 
only an empire there, but also passed a whole tradition in art, in technology, 
culture and in learning. By 1857, English had supplanted Persian as the languag 
of state and learning. Shakespeare and Milton had replaced the love-lyrics 
Hafiz and Omar Khayyam in school curricula, the medical canons of Avice 
had been forgotten and the craft of muslin-making in Dhaka had disappeared 
give way to the cotton prints of Lancashire. 

1857 is my index mark for another reason too. Around this year was laid | 
foundation of modern Pakistan — Pakistan, a state thrice as large in area and fi 


Address at the University of California, San Diego, California, March 
1964, on the invitation of Prof. Roger Reveille, Leader of President John 
Kennedy’s team for the study of Salinity and Water-logging in West Pakistan. 
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s populous as California, consists in its essentials of the flat Indus plain in 
Nest and the fertile delta of the Ganges in the East. In terrain, in climate and 
yme of its problems of hydrology the Western part of Pakistan resembles 
fifornia closely. I shall therefore take most of my illustrations from Western 
stan though the bulk of what I shall say applies equally to the whole country. 
When I said a moment back, that modern Pakistan came into being in the last 
jtury, I used the word modern advisedly. For the history of Pakistan in fact 
‘back some 4,000 years. This was the land which nurtured the civilization of 
enjodaro, a civilization contemporaneous, if not earlier than that of Egypt 
Babylon. This was the land that the Vedas of the Indo-Aryans celebrated 
thousand years ago. And this was the land whose rich cities drew 
ander the great a millennium later. Alexander’s soldiers in all their 
iphant career, had never crossed a river mightier than the Indus, a river with 
e the annual flow of the Nile. 


The Indus and each of its five tributaries flowed through a green ribbon of 
and a few miles wide. In between these green ribbons of cultivation lay 
d stretches of parched desert. But farming the fertile regions, there lived 
of virile men in cities protected by ramparts of burnt bricks. By the time 
eeks had forded the fifth river, the resistance these cities offered had 
en their spirit. Alexander decided to venture no farther castwards. 

he history of invasion of Pakistan and the fierce resistance offered was 
ed over and over again in succeeding centuries; it was repeated with the 
bs, it was repeated with the Afghans, and it was repeated with the Turkish 
hals. Each invader brought his skills and culture, not the least the Afghans 
rought the country the gift of Islam, seven hundred years ago, turning its 
ecisively westwards towards Makkah. 

his was the country to which the British came as conquerors in 1857, 


The British changed the face of the land. Not content with ribbons-like 
hes of cultivation which they found along the five rivers, some far-sighted 
nh the Indian Civil Service decided to harness the technology of their day to 
a garden out of desert and the scrub. They built low dams across the five 
, on foundations of sand and gravel — a structure which had rarely been 
mpted elsewhere and whose essential stability remains to most hydraulic 
cers a miracle to this day. “Behind these dams, they diverted the waters 
reat new canals. These canals have a total length of ten thousand miles; 
of the biggest are as large as the Colorado River. The canals were carefully 
gned as to width, depth and slope in such a way, that the silty water moves 
fast enough, so that it neither erodes the beds of the canals, nor chokes them 
depositing sediment”’ to get this even flow was no mean task in surveying 


lle Report, The Problem of Salinity and Water-logging in West Pakistan (1962). 
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and engineering, for let us not forget that the nearly flat Indus plain slopes n 
more than a foot per mile. 

With the canal system was created a fine railway network, and perhaps thi 
finest road system east of Suez. West Pakistan multiplied in prosperity, 
fertility and in population. It was in this sense that modern Pakistan was 
creation of the nineteenth century technology. 

But even after such a heavy initial dose of technology, Pakistan failed 
become in the subsequent decades a technologically advanced couni 
Something went grievously wrong. The first flush of prosperity lasted no nior 

than a few decades. The country was built upon just one resource — agriculture 
However, agricultural production did not keep in step with the natural populatio 
increase, And even on the purely technical side, soon after its inception, the v 
miracle of the canal network began slowly to stifle the fertility it was meant 
create, by spreading the blight of water-logging and salinity in areas whereve 
canal passed. 

The reasons for this failure of technology are not far to seek. The technolo 
which created Pakistan did not touch us more than skin deep. It was a graft | 
never took, it was not something which became an integral part of our lives. 
all for one basic reason: The only way to communicate the garnered wisdom a 
knowledge of one generation of men to another is by precept and education 
sounds hard to believe, but in Pakistan no provision whatsoever was made. fo 
scientific or technical or vocational education. 


Thus, even though the entire object of bringing the canal waters was. 
imcerease agricultural production, no one dreamt of introducing agricultu 
technology as part of the educational system. On the level of advance 
education, whereas something like thirty-one liberal arts colleges were built, ong 
in each district headquarter, to teach British history, to teach the metaphysics 
Aristotle, to teach laws of equity and principles of jurisprudence, the whole 
East Pakistan had to be content with one agricultural and just one engineerin 
college. This for a population then approaching fifty million people. The sai 
story repeated itself at all middle levels of technicians. The result could ha 
been foreseen. The level of agricultural practice remained as static as under t 
Mughals. The chemical revolution of fertilizers and pesticides touched us n 
The manufacturing crafts went into complete oblivion. Even a steel plough hac 
to be imported from England. I just cannot convey to you my own personal sen 
of disbelief when some years ago I was told that here in the United States, every@ 
state University grows around the nucleus of a land grant college — every oth 
faculty being added later. So contrary this seemed to me to anything I had ev 
been used to! 


Why did the British administration fail to place any emphasis on techni: 
education, mechanical skills, and agricultural husbandry? For mechanical ski 
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re is perhaps a simple explanation. In the economic organization of the 
e, Britain was to be the only manufacturing unit. All its other parts like the 
nerican colonies, like India, like Nigeria, like Sudan were designed as units to 
ly raw materials. Thus, from a British administrator’s point of view, there 
© need to foster mechanical or industrial skills for they would never be 
cised. But by the same token this attitude is harder to understand so far as 
culture is concerned, the attitude which, for example, failed to build up 
yer Agricultural Advisory and Extension Service. 


Perhaps, there is a simpler and a more charitable explanation possible. The 
lucational system of British India was essentially the creation of one man — the 
it historian Lord Macaulay. Writing his recommendations in 1835, he strove 
ive us the best that Britain could then offer. This best unfortunately did not 
race science and technology. In so far as Britain’s industrial revolution had 
een brought about by gifted amateurs, there was in the Britain of the nineteenth 
tury no appreciation of the role of technical education in fostering industrial 
wth. The first British Royal commission on technical education did not report 
884. The first parliamentary grant for scientific and technical education 
nted to no more than 3,000 dollars. The first polytechnics did not come til] 
Unlike Germany, unlike modern Russia, unlike I believe the United States, 
n did not build up an industrial society through the medium of education. 
her Britain suffered at all in the long run, I shall not say. But for us, the 
educational system was patterned on that of the British. This was disasier. 


1 1947, after nearly ninety years of foreign rule the nation started on a new 
: in its life. For us in Pakistan, the struggle for independence had been 
t on two fronts: first against the British for independence, and second, for a 
gnition of our separate existence. 

11947, on the debit side, we started with a desperately poor population, 
per capita income of fifteen cents a day. We started with no manufacturing 
ity or skills and we started with a primitive agriculture, with one-fifth of 
ultivated areas bedeviled by the twin curses of salinity and water-logging. 

Mn the credit side, however, we had two assets. Firstly, the revolution of 
expectations had hit Pakistan as strongly as it had hit the rest of the 
developed world. Second, although there was no clear notion on how to 
economic transformation of the society, there was no resistance to 
ideas or to a newer organization of life. Like every nation smarting under 
defeat of arms, we too had passed through the phase when everything 
was an anathema. But in 1947, this phase of our history was a long way 
us. 

e spent the first ten years of our independent existence in trying to redress, 
feverishly, and perhaps with some disregard of sound economics or 
al suffering for the consumer, the imbalance in industrialization. The basic 
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consumer industries like textile, sugar, cement, and paper manufacture wer 
hastily created by private enterprise, But it may perhaps be more right to da’ 
_era of our purposeful growth from 1958, This was the year President Ayub K) 
came into power. This was the year that a state Planning Commission startec 
function with the fullest vigor. Around then, we began receiving the maxim 
help from our friends and allies, not the least from the United States. And si 
then we have saved and invested yearly some 20% of the national income. 
For the last three years, the economy has grown at the rate of 6% 
highest in Asia. Industrially we have reached the maturity of being able 
project a modest heavy industrial complex based mainly on the one indu 
resource we seem to have in plenty — natural gas. A ship-building yard an 
refineries have been built. Two steel plants with a total capacity of about ha. 
million tons are rising fast. Four technical universities are functioning an 
network of polytechnics is projected. In agriculture we are on the threshol 
the Green Revolution. One of the most imaginative of recent scientific missi 
was the 1961 team of university scientists, hydrologists, agriculturists 
engineers, assembled on President Kennedy’s behest by Jerry Wiesner, and 
by Roger Revelle to study the salinity and water-logging problem in: ¥ 
Pakistan. The team has made some far reaching recommendations. Lookii 
beyond their original assignment, the team with characteristic vision 
produced a blueprint for raising our agricultural productivity:: 
implementation of these recommendations will change the entire look o 
agricultural economy, and currently the nation is gearing up for this. 


But perhaps I have given you too rosy a picture — a picture of a progr 
society on the path to a certain economic breakthrough. When I speak of th 
rise in national income, please do not forget the starting level of fifteen cen 
day per person, nor the suppressed hunger of just one meal a day which mos 
us can get. When I speak of projected industrial complexes and steel, please 
not conjure the picture of rising competition for Pittsburgh as the US Con 
was once abjured to do. The whole of Pakistan consumes no more than 60 
of power. Do not in any case underestimate our lack of expertise and experiet 
We are very liable to make exactly the same mistakes the British made 
possible that a new phase of industrialization may come, this time finance 
loans from the World Bank and helped by experts from abroad, but tha 
phase may leave the heart of the country so far as development of indig 
technical talent is concerned, as untouched as ever before. And there i 
danger that this could happen, for the World Bank or any other aid-; 
agency, with the best will in the world, is interested more in the completio 
project in the shortest possible time rather than in seeing that it should have b 
executed by the Pakistani technicians to give them the requisite confidenc 
experience. 
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are other dangers too — the nightmare, for example, of the 
ance of foreign aid programs. I wonder sometimes if the Clay 
Report could ever have been written if more people among the richer 
of the world were really aware of the intensity of world poverty. Even 
m the moral aspects of world development, I wonder if it is to all known 
too are in our very humble way financing some of the prosperity of 
ons. Year after year I have seen the cotton crop from my village in 
etch less and less in the world market. Year after year I have seen the 
‘fertilizer cost more and more. To Pakistan alone, this widening gap of 
and commodity prices has cost three-quarter of a billion dollars in the 
n years. In Paul Hoffmann’s phrase the under-developed world has been 
ubsidy perhaps greater than all the sums received in aid. I wonder 
e how a US negotiator can ever have the heart to beat us down a few 
on the price of a bale of jute, when these pennies can mean so very much. 
‘and so little in New York. 


to return to the stresses, we are likely to meet, during the processes of 
vth, I have often heard it asserted in the West and I quote from Arnold 
that “if one abandons one’s traditional technology and adopts a foreign 
gy, the effect will gradually work its way down till the whole of one’s 
al culture is undermined.” The same remark has been made more 
fully by Francis Dart in a recent issue of the Foreign Affairs quarterly. In 
s: “Technology is not science. Tools and skills are found everywhere 
ence is a unique development limited almost entirely to the western world. 
rue scientific revolution which could support technology would 
y affect the cultures of the underdeveloped nations in their deepest 
. It would be certain to bring about major changes in religious 
is ethics and social structure.” 

onally, I do not accept this thesis. For one thing, when one considers the 
g of modern science in a spectrum of countries which includes not only 
tern world, but also the Soviet Union, one wonders if we yet correctly 
€ precise condition under which science is likely to flourish. For another, 
\ctical experience of Japan hardly seems to support this view. And if early 
society is any guide, and let us not forget that for five hundred years of 
middle ages, this society was the greatest conscious patron and best 
s of sciences, it is unlikely that what Toynbee and Dart predict will 
pass for Pakistan. Certainly there are no signs of it today. 

chief stresses are likely to be purely economic. We face in this respect a 
peculiar to most developing countries: in a growing polity there is 
i more destructive of morale than economic inequality. In a country where 
affluence prevails, large differences of income can perhaps be tolerated, 
t so if the bulk of your population is at a starvation level. But at the same 
he very facts of under-development contain the seed within it of unlimited 
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economic opportunity. Ours is a closed protected market. A permit to se 
fertilizer plant is a certain passport to a million rupees. Pakistan today rese 
the American Frontier of a hundred years ago, with the shootings and th 
taken out. Our dilemma is, how does one combine opportunit 
disproportionate inequalities it must produce from affecting general moi 
Perhaps your rich experience may suggest an answer. : 


Let me conclude by briefly reiterating some of the things I have sai 
nation today is fired with the objective of eradicating poverty. First and f 
we have to acquire the requisite skills to accomplish this. It is here tha’ 
knowledge and idealism of a technical community like yours in California 
help. Science and technology, are the greatest instruments of change 
modern world. Also, among the scientific communities lie some of the gre 
reserves of humanistic idealism. For me it is a sign of hope that the scien 
increasingly beginning to realize his responsibility for world development. 


Nine hundred years ago, the great physician of Islam, Al-Asuli, wri 
distant Bokhara, divided his pharmacopoeia into two parts, Diseases of th 
and Diseases of the Poor. If Al-Asuli were alive today and could write ab 
afflictions of mankind, I am sure he would again plan to divi 
pharmacopoeia into the same two parts. Half his treatise would speak of t 
affliction of Rich Humanity — the psychosis of nuclear annihilation, the 
half would be concerned with the one affliction of Poor Humanity, their h 
In diagnosis he might perhaps add that the two afflictions spring from a co 
cause — the excess of science in one case and the lack of it in the other. 
and hope in his prognosis he would not have to add that it is the faltering: 
the scientist-physician which needs building up much more than that:o 
patient.o 
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matics in Science — A Poetic Language 


he ideas put forward by Salam here are vivid. But more than the 
specific ideas, we are interested here in his description of science itself. 
For him, science is the attempt to find in the complexity of nature 
omething which is simple and beautiful. This is quite different from the 
sual view that science collects facts and uses them to make machines 
and gadgets. Salam sees science as a truly imaginative activity, with a 
0etic language of its own. This is an arresting point that Salam made: 
that the mathematics in science is a poetic language, because it 


pontaneously throws up new images, new ideas. 
— Jacob Bronowski, Insights, p. 106. 


‘a theoretical physicist, and we theoretical physicists are engaged on the 
g problem. We would like to understand the entire complexity of 
ate matter in terms of as few fundamental concepts as possible. This is not 
quest, It is the quest, which humanity has had from the beginning of time — 
eeks were engaged on it. They conceived of all matter as being made up of 
er, earth and air. The Arabs had their ideas about it too. Scientists have 
otried about this all through the centuries. The nearest man came to 
g this problem was in 1931 when, through the work done in the Cavendish 
tory in Cambridge, we believed that all matter consisted of just two 
s - electrons and protons — and all forces of nature were essentially of 
nds, the gravitational force and the electrical force. 


yw, we know that this view of 1931 was erroneous. Since that time the 
ber of particles has increased to thirty, and the number of elementary forces 
ur. In addition to the electrical and gravitational forces, we now believe that 
are two other types of force, both nuclear — one extremely strong, and the 
extremely weak. And the task we are engaged on is to try to reduce this 
ig complexity to something, which is simple and elementary. 


Now, the type of magic, which we use in order to solve our problem is first 
y on the language which we use throwing up ideas of its own. The 
age, which we use in our subject is the language of mathematics, and the 
example of the language throwing up ideas is the work of Dirac in 1928. He 


acob Bronowski. 1964. Insight. New York:: harper & Row, pp. 105-06. 
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started with the idea that he would like to combine the theory of relativit 
the theory of quantum mechanics. He proceeded to do this by writi 
mathematical equation, which he solved. And to his astonishment, an 
everyone’s astonishment, it was found that this equation described not onl 
particles — electrons and protons — which Dirac had designed the: equatiol 
but also particles of so-called anti-matter, anti-electrons, anti-protons. 

So, in one stroke Dirac had increased the number of particles to twic 
number. There are the particles of matter and there are the particles of 
matter. In a sense, of course, this produces simplicity too, because when I s 
of thirty particles, really fifteen of them are particles and fifteen of them are 
particles. The power of mathematics as a language that suggests and lead 
on to something, which we in theoretical physics are very familiar with, re 
me of the association of ideas which follows when possibly a great po 
composing poetry. He has a certain rhyme, and the rhyme itself suggests the 
idea, and so on. That is one type of way in which invention comes about. 


The second type of idea, which we use to solve our problems is the id 
making a physical picture. A very good illustration is the work of the Ja 
physicist Yukawa in 1935. Yukawa started to ponder on the problem 
attractive force between two protons, and he started with the following | 
Suppose there are two cricketers, who have a cricket ball, and they déci 
exchange the ball. One throws the ball and the other catches it, perhaps. § 
they want to go on exchanging the ball, to and fro, between them. Then the 
that they must go on exchanging the ball means that they must keep w 
certain distance of each other. 

The result is the following picture. If one proton emits something wh 
captured by the second one, and the second one emits something whi 
captured by the first one, then the fact that they have to capture, emit, re-al 
constantly, means that they will remain within a certain distance of each’ 
And someone who cannot see this intermediate object, this ball, the obje 
call the meson, will think that these two protons have an attractive force b 
them. This was Yukawa’s way of explaining the attractive force between 
elementary particles. 

The result of Yukawa’s work was that he predicted that there do exist 
particles which play the role of intermediate objects. And he predicted tha 
particles would have a mass about three hundred times that of electrons. Yu 
made this prediction in 1935. In 1938 these particles were discovered, 
now firmly believe that the forces of nature, all forces of nature, are transn 
by this type of exchange of intermediary particles. 


Now, so far, I have been talking about our methods, but what is: 
important are our aims. Our aim in all this is to reduce the complexity 0 
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lementary particles and the four fundamental forces into something, 
is simple and beautiful. And to do this what we shall most certainly need 
reak from the type of ideas, which I have expressed — a complete break 
the past, and a new and audacious idea of the type which Einstein had at 
ginning of this century. An idea of this type comes perhaps once in a 
y, but that is the sort of thing which will be needed before this complexity 
iced to something simple. @ 


27. Abdus Salam at ICTP 
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7 


The Less-Developed World: 
How Can We Be Optimists? 


“Between the frontiers of the three super-states Eurasia, Oceania, and Eas 
and not permanently in possession of any of them, there lies a rough quadril 
with its corners at Tangier, Brazzaville, Darwin, and Hong Kong, These terri 
contain a bottomless reserve of cheap labor. Whichever power controls equa 
Africa, or the Middle East or Southern India or the Indonesian Archipela 
disposes also of the bodies of hundreds of millions of ill-paid and hardwo 
coolies, expended by their conquerors like so much coal or oil in the race t 
out more armaments, to capture more territory, to control more labor, to ti 
more armaments, to capture more territory, to control. ...” 


Thus wrote George Orwell in his only reference to the less-developed w 


I wish I could disagree with him. Orwell may have erred in not anticip 
the withering of direct colonial controls within the ‘quadrilateral’ he 
about; he may not quite have gauged the vehemence of urges to political 
assertion. Nor, dare I hope, was he right in the somber picture of conscio 
heartless exploitation he has painted. But he did not err in predicting persisting 
poverty and hunger and overcrowding in 1984 among the less privileged nat 


I would like to live to regret my words but twenty years from now,. 
positive, the less-developed world will be as hungry, as_ relat 


underdeveloped, and as desperately poor, as today. And this, despite the fact 
we know the world has enough resources — technical, scientific, and material 
eliminate poverty, disease, and early death, for the whole human race. 


The visible portents of 1984 are there for all to see. Notwithstanding ¢ 
physical and ideological exhortation, the agricultural production of all but 
richest countries is static. It would seem that the industry of food production: 
as investment-intensive as any other. We are only just beginning to speak, in 
too mute tones, of high birth-rates. There are none among the rich natio 
willing enough to sponsor a fair price structure for the commodity market — 
one major resource the poorer countries possess: for financing their meaget 

Reprinted from The World in 1984 (Vol. 1), edited by Nigel Calder, pp 
17. London: Penguin Books, 1964. 
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lopment plans. There are likely to be higher and still higher tariff walls 
their cheap manufacturers. And every year the battle to keep the trickle 
gn aid programs flowing becomes fiercer and fiercer. The United Nations 
pment Decade from all indications is likely to end with a whimper. 


t this is not what makes me so utterly pessimistic. Never in the history of 
d has a change happened all at once. The one great change of the first 
.this century ~ the passing of the Colonial Age — was the culmination of 
ears of crusading. In most places it all started with a few men, whose 
onate fury first overwhelmed their own people and then succeeded in 
ng the liberal conscience of their captors, bringing home to them also the 
economic futility of holding down an unwilling people. This is the normal 
s of change. What makes me worried is that no such thing has yet 
ened in the underdeveloped world so far as the harder crusade against 
tty is concerned. And in the few places where realization has come, it has 
en purposeful enough yet to bring down the internal, social and the 


hizational barriers, nor to be able to defy external pressures. In the next 


y years I trust this crusade will come to be preached with the fury it 

tves within the poorer countries, I can only hope it remains inward-turning — 

does not become a destructive wave of antagonism against those fortunate 

among the nations of the world who somehow inherited most of this earth’s 
ces and do not quite need them all. 


gut this will take time. For 1984 itself, I am resigned to Orwell’s grim 
re, with want and misery unchecked — unless, of course, there rises earlier 

mewhere a new Messiah, the one who can preach that in this age when 
nological miracles ate indeed possible, the raising of living standards 
rywhere to a decent human level is first and foremost a moral problem, and a 
gollective world responsibility. 8 
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Iqbal Memorial Lectures: 
Symmetry Concepts in Modern Physics 


Prefatory Remarks 

During March 1965, I was privileged to deliver the First Iqbal Memot 
Lectures at the invitation of Radio Pakistan. This is a reprint of the lectu 
where I took as my theme Symmetry Concepts in Modern Physics. 

Iqbai was our greatest poet, our deepest thinker. I take pride in 
association of his name with these lectures for two reasons. Firstly, as a't 
philosopher Iqbal fully recognized that there is no finality in philosophi 
thinking and that the progress of all philosophical thought must depend on'n 
discoveries in the field of science. Again and again in his lectures on’ 
Reconstruction of Religious thought in Islam (Lahore, 1930), he points towar 
the possibility of breakthroughs still to come in the field of physics which m 
give a new outlook to philosophy. This, indeed, is just what has happened : si 
Iqbal’s death twenty-seven years ago, and an account of these newer con 
will be the theme of my lectures. Even though Iqbal did not live to see: the 
fulfillment of his own prediction, I am glad that Radio Pakistan has decided 
dedicate these lectures to his memory which lives for ever. 

My second reason for welcoming Iqbal’s association with these lectures 
this: I believe that the rise of a great poet or a great writer or a great humanis 
any civilization is not an isolated incident — that it is always accompanied by 
equally significant emergence of men as great in sciences and philosophy 
give one example, it is good to recall that at the last zenith of Islan 
civilization, in the early part of the eleventh century, the Shahnama of Ferda 
preceded the encyclopaedic Qanun of Ibn Sina and the equally encyclopaec 
Tanjim of Al-Biruni by no more than twenty years. I am absolutely certain ¢ 
Igbal’s greatness in poetry and philosophy will not go unmatched so far as. 
present Muslim renaissance in ‘science is concerned. I believe that, now that: 
nation has begun once again to aspire to higher things, the age of Iqbal, just | 
the age of Ferdausi eight hundred years ago, will produce in Pakistan its gi 
scientists who will rival the brilliance of Ferdausi’s contemporaries like Ibn S: 
and Al-Biruni. 


Abdus Salam’s Symmetry Concepts in Modern Physics: Iqbal Memorial Lectur 
ed. by Fayyazuddin and M.A. Rashid. Lahore: Atomic Energy Centre, 1966, 55 page 
with Figures and Tables. [The Figures and Tables, not in Sari: lectures, have been 
deleted for this volume.] 
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(hese lectures are an account of man’s search for unity in the understanding 
¢ physical universe and the ultimate nature of matter. During these lectures I 
like to show how rewarding the faith in the eventual unity, the eventual 
iony, the eventual beauty of the basic laws of nature has proved in 
eling some of the deeper insights we have achieved. Some of these 
epts are extremely deep. [ can only hope I have not relapsed into a misty 
undity which is quite often in science a cloak for one’s own ignorance. 


First Lecture 

From the dawn of all civilization man has wondered and asked questions — 
tions about the color of the sunset, about the brilliance of the stars, about 
all and cloud-burst, about the trajectory of a bullet and a space satellite, and 
tually, about life itself. But in all this questioning there has occurred one 
tring theme. Man has always believed that the answers to these questions, 
they come must follow from just a very few general principles. Man has 
ys held to an unreasoning faith in an eventual unity, an eventual simplicity, 
ventual symmetry in any basic laws which may govern the Universe. The 
ry of science is the history of a search for such all embracing, such unifying 
epts. Within the compass of inanimate matter we shall discuss what we 
e today to be the ultimate constituents of all matter, and what we think are 
damental principles which govern its behavior. 

Perhaps the first people in the history of mankind who made a systematic 
ch for a unified and a rational explanation of the universe were the Greeks. 
Greeks sought the ultimate principles governing nature to lie in four 
ents of which they believed all matter was made. These, in their view, were 
elements of air, water, fire and earth. Greek thought permeated also early 
mic thinking and this classification of elements remained as the basis of 
val science. The real quantitative breakthrough, however, came in the 
teenth century as a result of thousands of painstaking and accurate 
tory experiments accompanied by the deepest analytical thinking, The 
enth century chemist could show that in the last analysis all matter in the 
rse, living or dead, and of whatever form — absolutely everything — was 
up of just 92 different types of elements, and that every element could be 
livided into tiny units -- the so-called atoms. These are the atoms of 
gen, helium, lithium and beryllium, and so on, The science of chemistry is 
or less summarized in the so-called periodic table of atoms; this is a chart, 
ed first by the Russian chemist Mandeleev, which orders the atoms in the 
ner we have described: hydrogen, helium, lithium, the table ending with the 
ty-second entry uranium. The nineteenth century chemist believed that the 
“were indivisible, immutable entities, that they could not be divided any 
r. One found that the atoms attracted one another when they were a short 
ce apart; this was the chemical force responsible for building from atoms 
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the complex forms in which matter manifests itself. One also found that 6 
could not push atoms too close together; they repelled each other on bei 
squeezed too closely. This repulsion — this resistance to squeezing clearly me: 
that atoms could be pictured as objects with a definite size — as little hard ba 
To get an idea of atomic sizes one may remember this. If a cricket ball 
magnified to the size of the earth, then each atom in it will look as large as 
original ball itself. 

The discovery that absolutely everything is made up of 92 types of ator 
was something tremendous. The discovery made the nineteenth century scienti 
absolutely dizzy with excitement. The atoms were the “elementary particles” 
chemical force was the “elementary force’. In 1891, Lord Kelvin, addressin 
British Association for Advancement of Science, went so far as to say, “We ha 
discovered in physical sciences all that can be discovered. The rest is more ai 
more refined measurement,” But by one of those curious accidents that see 
frequent in the history of science, this same year was destined to bring in a 
revolution in physics. This was the year that J. J. Thomson, in the Cavendii 
Laboratory at Cambridge, first demonstrated that atoms were after all 
indivisible — that all atoms could be split into still smaller units. After sot 
thirty years of feverish experimentation at Cambridge by two of the greatest 
of this century, Sir J.J. Thomson and Lord Rutherford, there emerged a syntl 
still deeper than any the chemist had proposed. One could now show tha 
atoms — all 92 of them — were divisible; that they were made of just t 
fundamental units. These fundamental units are very tiny chunks of matter, ea 
weighing less than 107’ grams. These three fundamental units are called prot 
neutrons and electrons. All atoms have a central nucleus, made up of protons 
neutrons. Around this central core whirl a number of electrons, just like pla 
orbiting around the sun. An atom of hydrogen contains one electron, of helit 
two electrons, of lithium three electrons right up to uranium, the ninety-sec 
atom in Mendeleev's table where the central nucleus is surrounded by exactl 
electrons. The secret of Mendeleev's table, its order, lay in the numbe 


electrons contained in any given atom. To summarize, all atoms consist of 
central core, the so-called nucleus. All nuclei contain about equal number 
protons and neutrons. Surrounding the nuclei are clouds of electrons whi 
around at fantastic speeds — speeds reaching hundreds of thousand miles 
second. In the heart of every atom there ever continues a dance of the elect 
together to make molecules and stack molecules to form crystals and living 
was also nothing but a manifestation of the basic electrical forces of attrac 
and repulsion. The deeper that one went the more it became clear that 
electrical force was the key to the understanding of structure of matter. 
example, one can now understand why metals differ from semi-conductt 
transistors. Some metals — copper and silver for example — have the property 
electrons contained in their atoms are somewhat loosely bound; these elect 
can drift freely and course throughout the crystal lattice of copper or silver. N 
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transistor; there the electrons are not so loosely bound; they cannot flow 

: the transistor is only semi-conducting. In biology one understood, for 
le, that our bodies resemble a modern electrified city. In a human body, 
in a modern city, there is a vast electrical network of nerve fibres 
ed centrally to the brain. It is the electrical impulses which the brain 
ut that control physiological processes. For example, a muscle contracts 
n electrical impulse shoots out charged molecules — the ions of 
oline — at its end. Physiology, biology, chemistry — all science in 
ple — could be understood in terms of the electrons and the protons and the 
ndamental — electrical force — between them. No wonder in 1928 the great 
ist Dirac — successor of Newton in the Lucasian Chair of Mathematics at 
ridge ~ could say with justifiable élan, “With protons and electrons we can 
n the whole of chemistry and most of physics”. 

irac was obviously right about chemistry; was he also right about 
stry; was he also right about “most of physics”? In 1928, it seemed likely 
e was. For earlier, Faraday and Maxwell had made another remarkable 
ery. An electron or a proton when accelerated could emit electrical waves 
as a stick moving up and down in a pool of water sets up water waves in the 
so an accelerating electrical charge could set up electromagnetic waves in 
And Maxwell and Faraday discovered that these waves could be picked 
other electrons in a receiving set, just as the waves in a water pool set up 
he moving stick would make a cork floating in the pool bob up and down in 
with the moving stick. An example of the waves Maxwell and Faraday 
about are the radio waves on which voice is transmitted; the electrons in 
thode ray tubes or transistors of receiving set move in harmony with the 
ons in the transmitter. If the wave length of the radio waves is shortened an 
lerating electron or a proton would set up what we call infra-red radiation. 
uman frame is not attuned to receive radio-waves but we ~ or rather our 
§ are excellent receivers for the shorter infra-red wave length; we call such 
es “heat radiation”. The sun is continuously beaming out infra-red radiation; 
receive them in exactly the same manner as a radio set receives the radio 
gnals. Still shorter electrical waves can be received by the nerve cells of the 
tina of our eyes. We call these waves “light radiation” — ordinary visible light. 
} shorter waves are X-rays, stil] shorter waves are called gamma-rays. The 
ial point is all phenomena of radio waves of heat and light and X-rays are 
ically the same. All these are electrical radiations, produced when electrons 
rotons in a transmitter oscillate. The waves are received by other electrons 
protons in the receivers’ radio tubes, in its transistors, in the retinal 
mbranes, in the sensitive nerve cells of the human skin or by electrons and 
fons contained in the silver atoms of a sensitive photographic plate. God said, 
‘there be light; to make light, and to perceive it, He made protons and 
‘trons — the two fundamental particles of physics. 
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Second Lecture 

In the first lecture we gave the picture of physical sciences which obtaiite 
1930. With just three fundamental particles, electrons, protons and neutron ; 
just one type of force —~ the electrical force — one seemed to have synthes 
most science. There were, however, yawning gaps in our knowledge 
nuclear core of every atom contains about equal numbers of proton 
neutrons. A neutron is a chunk of matter as heavy as a proton but wit 
electrical charge, and therefore no electrical attraction or repulsion. What 1 
neutron’s role in the scheme of things? What holds a nucleus together? a 

Since 1930, physics, and since 1945, most of humanity, has been occu 
with the nuclear problem. The world of the nucleus revealed a ne 
completely unexpected — richness. Since 1930, one has discovered that th 
all known stable forms of matter we had encountered so far in nature consist 
of just the three fundamental particles mentioned before, there do exist: 0 
companion particles — companions to the protons, to the neutrons, and to 
electrons ~ as fundamental, as elementary, as these three. It is the story of ti 
newer entities and the domain of phenomena they have revealed that will | e 
major concern henceforth. : 

We have called these newer particles companions to the known ones 
important to realize that the new particles were not discovered by the clas 
procedure of sub-division of protons, neutrons or electrons. The principl 
divisibility which took us from ordinary bulk matter to atoms and then 
atoms to protons, does not seem to function any more. With protons, elect 
and the newer particles one seems to have reached the limits of divisibili 
do not know if this is because we have not tried hard enough. We believe 
have; it may well be that we have reached a level of something completely. ne’ : 
in human experience. If I liken these particles to a brick thrown against a wall, if 
would seem not that the brick fragments into still smaller pieces, for the. 
time it appears as if we are receiving back five or six whole bricks, identic 
alike to the first that was thrown. If one has indeed reached the end of the lin 
divisibility then one is at a level of comprehension quite different from any 
has ever gone before. 

But before we describe these particles, their inter-relations and interactio 
and the concepts associated with them we would like to review some of the bas 
concepts of modern physics, concepts which we shall need to refer to again a 
again. 

The first concepts we shall need are the classical ones of momentum an 
energy. Momentum is the amount of motion possessed by an object when - 
moving. In mathematical language it is simply the product of the velocity ti 
the mass of the body. Similar to the concept of momentum is another concé 
perhaps still more crucial for my lectures -- the concept of spin, or ang 
momentum. If an object is rotating around an axis, a spinning top or a spin 
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ket ball, for example, we say it possesses angular momentum. The faster an 
‘ct rotates, the larger is the angular momentum carried by it. Now there is a 
important law of classical physics which states that the amount of 
mentum or angular momentum remains constant unless there are external 
es tending to stop the motion or the spin. A spinning fly-wheel will go on 
ing if there is no friction of its bearings. A bullet fired from a gun or an 
shot into space will go on moving in a straight line if there was no air 
tion to stop their motion, or gravitational force to pull them down. Perhaps 


But it certainly was not obvious to Aristotle nor to Ibn-Sina. For it seemed 
trary to all common experience of mankind. If we roll a bail on a table, one’s 
al experience is that sooner or later it will come to a standstill. One might 
e — and this is in fact what Aristotle did — that the natural tendency of a 
ving object is to stop; that some force is needed to keep things in motion. It 
the genius of Galileo and Newton to contradict Aristotle. They asserted that 
{ the contrary is the case. If there is a natural tendency for a moving object it 
persist in its motion. One should not look for an agency which keeps it 
ng, one should rather look for an agency which is likely to stop it. What a 
ution in thought this bold assertion of Newton and Galileo brought about! 
intrinsic attribute of persistence of motion is called “inertia” — plain 
ess if you like. The tendency to persist in moving in a straight line is called 
ervation of momentum; the persistence to spin is called conservation of 
lar momentum. — 

‘hese conservation laws have been tested millions of times under controlled 
itions. When we say controlled conditions all we mean is that one has 
ipted to eliminate extraneous forces like friction very scrupulously. These 
epresent an ultimate truth, the distillation of our physical experience. But 
there something deep we can infer from these, or do we have to accept them as 
nate facts which must be incorporated in any description of nature we 
-? It happens that for the conservation laws of momentum and angular 
tum one can relate these to something deeper, something more profound, 
thing more basic. By a process of mathematical reasoning which we cannot 
ito, Dirac and the great Hungarian Physicist Wigner, were able to show that 
ndency to persist in straight line motion — conservation of momentum — can 
nferred as. a basic law of nature provided we assume that the results of any 
ical experiment are independent of where the experiment is performed. Not 
of us have ever stopped to ask ourselves the question: Do a proton and an 
ron on the planet Mars atiract each other with the same force as they do on 
anet Earth? Once the question is formulated most of us would instinctively 
yes; why should the force not be the same? It would be an intolerable 
cation in the scheme of nature if laws of physics depended on one's 
n in the Universe. But what is the proof? Dirac and Wigner assert that if 
n verify — with arbitrary precision — that momentum is conserved, we can 


reat law of classical physics is completely obvious to you in this satellite 
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be sure that the basic laws of physics are the same all over the Uni 
Likewise if spin is conserved, we can be sure that space is rotation-invarian 
the results of an experiment — like the pitch of a whistle, or the rate of 
respiration, will not depend on whether we face East or West, here or on Ma 
have lived for about sixteen years with this reasoning of Wigner and Di 
reasoning which connects things so distinct, so disparate; which co 
symmetry of the Universe with conservation of spin; a reasoning at on 
abstract and yet so concrete. I still marvel at its boldness, its audacity a 
sweep. It is one of the most powerful things I know of. 

So much for classical physics. The second discipline we shall make fre 
reference to is Einstein's theory of relativity. There are few subjects in Phy 
which have aroused such strong misconceptions. The reason is not diffic 
find. Relativity theory makes statements about time, within a context used by 
physicist. Since immemorial days however, the professional philosophe 
always felt that “time” was a concept which was his exclusive preserve 
misconceptions arose when the philosopher started to interpret Einstein's w 
his own mysterious language. To most philosophers, the theory has: 
obvious, compelling, and a priori ~ after its discovery, To me there is not 
priori about relativity, Relativity is based on a remarkable, on a far 1 
experiment, whose result one would never have conjectured at before 
performed, The experiment is this: if we take a candle and measure the | 
of light which it emits we get a certain value. More precisely we discc 
velocity is one hundred and eighty six thousand miles per second. Now mo 
candle as fast as you possibly can. Naively one might imagine that the 
velocity — determined by the time it takes for light to get to us — should 
on whether the candle is moving or not. Not so, however, when the exper 
was actually performed by Michelson and Morley. The velocity of: li 
exactly the same irrespective of whether the source of light moves towar 
away from us with whatever speed. Not only that; it is also unch 
irrespective of what we may be doing: we may try running away from the ¢ 
with a speed even as fast as that of light itself. A normal sane person. 
expect that in that case the light would never reach us. But astonishingly en 
one would be wrong again. Light will still reach us with the same veloc 
before. Astounding, unexpected! As we said, there was nothing a priori abc 
Michelson-Morley experiment nor its result. The results of the experimen 
had to be incorporated into physics. Einstein’s profound analysis accomp 


just that, Einstein expressed his analysis in some most spectacular langu 
that the resolution of the apparent paradox lay in the relative character of: 
Einstein's language was a translation, an expression of certain mathema 
relations. We cannot here try to go deeper into this; for our purposes the ¢ 
content of relativity is the following. From the constancy of velocity 
Einstein deduced that matter and energy must be identical. To illustrate, Ei 
asserted, for example, that a lamp-shade which absorbs the energy of light’ 
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et heavier, the absorbed light energy manifesting itself as increase in its 
rt content. The radio transmitters of Radio Pakistan, pouring electrical 
into space, are progressively diminishing in their matter content. Luckily 
ransmitters are replenished; they receive energy also from the electrical 
ut one might worry about the sun, for the sun is certainly getting lighter 
lay; it is losing mass which is continually converting to energy of heat and 
‘hese statements can be, and have been, verified hundreds of times in the 
ory. 
o much for Relativity Theory. The third set of concepts we shall have 
on to refer to are the concepts of quantum theory. Quantum theory, like 
ty, began in the early part of this century with certain experiments whose 
its‘one would never have believed possible, so obstinately contrary are they 
hing we had apprehended before. 
Quantum theory asserts that there are in nature certain fundamental units and 
number of physical quantities can exist only as integer multiples of these 
units. One simple example is quantization of electric charge. A proton is 
2,000 times as heavy as an electron. But both carry the same quantity of 
c charge. All charges in nature exist as integer multiples of this one 
amental unit, Take another example. I have spoken before of spin, of 
r momentum. Recall that this is the amount of rotation possessed by a 
object, One would never have believed that one cannot impart an arbitrary 
t of spin, for example, to a cricket ball. Yet this is precisely what quantum 
asserts. It is impossible to find in nature a spinning object — a top, a 
t ball — whose spin is not half-integer multiple of a basic unit discovered 
anck. Tops can rotate with spin value equaling half of a Planck unit or one 
ck unit, or two units, or two and a half units — but never, never, with 1.3 or 
20.67 times Planck's basic value. For quantum theory integers, or at worst 
tegers, are sacred, inviolate. Quite clearly if the theory did not have the 
on of precise experiments one would never have believed it. 
€ one more example: would one believe that the energy carried by a 
wave or a light ray or heat radiation can exist only in multiples of a certain 
nit in discrete chunks; that energy is quantized? Again, if we did not 
that this was true by repeated experimentation one would hardly credit 
the case of electrical radiation, we designate this basic unit a photon. A 
f light or a beam of X-rays in this quantum view then consists of nothing 
stream of photons, all photons traveling with the velocity of light. The 
1m statement is that there is no such thing as a quarter of a photon. The 
nt that an oscillating electron emits electro-magnetic radiation in the 
um language reads: an electron or a proton emits or absorbs photons when 
lerates and oscillates. 
et us recapitulate. On the basis of what we know, we believe that the 
e, the space-time we live in, is endowed with certain characteristics. We 
stand the origin of some of these characteristics. Others we are forced to 
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accept as empirical facts and leave for our successors in the twenty-firs 
perhaps later centuries to find the deeper basis of. We know empiricall 
there are certain conservation laws — like conservation of momentum, of € 
of angular momentum. We believe we can find a deeper significance f i 
laws in the sense that we can correlate them with the properties of spac 
time. From conservation of momentum one may infer that space is loca 
symmetric. From conservation of energy we may infer that the result ol 
experiment do not differ with the epochs of time at which the experim 
performed, that an electron and proton will have the same attractive force: 
as they had yesterday and will have tomorrow. From conservation of sp 
rotation, we infer that space is rotation-symmetric. 

From relativity experiments we know that velocity of light has asto: 
properties, that it is invariant, unchanging, irrespective of the motion of th 
source, and any motion of the observer. Accept this as something which we 
incorporate in our description of fundamental physics, we may then infer t 
energy possesses inertia and vice-versa. Experiment has forced us also t 
quantum theory. We know, for example, that we can never impart spi 
object which is not an integer or a half integer multiple of Planck's. ba 
We know that the energy of electromagnetic radiation can exist only in‘ di 
quantum units — the so-called photons. We find this utterly bewildering 
astonishing. Why some physical quantities are quantized may be connected 
the topological structure of space and time but we do not know. This ag 
perhaps a problem for the fortunate few of a hundred years after. All we 
at present is to incorporate these facts within the formalism we use. This we 
learnt to do. 


Third Lecture 
By 1930, the physicist believed that all matter in the Universe was compo. 
of three particles ~ electrons, protons and neutrons. He also believed th 
energy, whether it existed as heat or light, was basically electrical in chara 
and that it manifested itself in discrete chunks, in discrete quanta — the so-ca 
photons. All matter and all energy in his view was then composed of jus 
fundamental entities —- photons, electrons, protons and neutrons. The electro 
and protons carry an electrical charge; when accelerating, these particles 
heat or light in the form of photons. The neutron is electrically neutral. 
Now these four particles are not just simple chunks of matter or energy 
other property they all seem to possess is that of intrinsic spin, An electron 
proton continually spins like a top around an axis fixed in the body. And 
discussed in the second lecture, this spin motion, like all spin motions in 
Universe is a half-integer multiple of the fundamental unit of Planck. 
Why should elementary particles behave like spinning tops? What give 
them their intrinsic spins? Why should the spin-values be just what they are? 
answer to this last question was brilliantly given in 1928 by Dirac at Cambri 
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paper which is an epic of modern physics. Let us recall the laws of 
nce ~ of persistence of inertia, of persistence of spin. One could show 
this persistence was related to rotation symmetry of the Universe. Now 
lemonstrated that when one married together this notion of rotation 
etry of the Universe, with the ideas of Einstein's relativity, one could 
nstrate that electrons or protons must spin — and with the precise values 
| by experiment. 

ittac’s work is one of the monuments of modern physical theory. Not only 
irac give a deeper meaning to the concept of intrinsic spin, he was also able 
duce from the same equation something even more important. He could 
n general grounds that all particles in nature must exist in pairs; that to 
article there must correspond an anti-particle of precisely the same mass, 
ame spin but of opposite electrical charge. Thus the existence of the 
ely-charged proton must imply the possible existence of an anti-proton 
a negative electric charge; if the hydrogen atom exists, there can equally 
atom of anti-hydrogen, perhaps in some distant corner of the Universe. 
ac could show that if a particle and an anti-particle collide, both must 
pear, their energy, their momentum, their spin going into photons, into heat 
ht in other words, and this is all that is left of the collision. 

n Dirac's language anti-matter is “minus-matter”; matter and anti-matter just 
ot co-exist in the same part of the Universe without the ever-impending 
trophe of annihilation; and indeed some astronomers do believe that just 
ype of annihilation of galaxies and anti-galaxies is taking place at the sites 
e powerful X-ray sources in the heavens. 

irac made his prediction of the existence of anti-matter in 1934; the anti- 
n was discovered in cosmic rays the same year; the discovery of the anti- 
mn had to wait longer till the completion of the giant proton accelerating 
ine at Berkeley, California in the 1950s. In one stroke Dirac had doubled 
umber of elementary particles from four to eight. There is an apocryphal 
Cambridge of how Dirac first conceived of the idea of anti-matter, of 
s-matter as one may call it. As a graduate student Dirac once attended a 
lems’ Drive — so the story goes — organized by the Cambridge 
raduate Mathematical Society, the Archimedians. One of the problems 
mted was the following. On a stormy night three fishermen go fishing and 
: a big haul. The storm forces them to seek refuge on a lonely island where 
tie up their boats and go to sleep. During the night one of the fishermen gets 
e would like to get away. Without waking up his friends he divides the 
nto three equal parts. He finds one fish outstanding. This extra fish he 
vs into the sea. Taking his one-third portion of the catch he rows away. A 
while later the second fisherman wakes up. He does not know that one of 
fiends is gone already. He too proceeds to divide the haul into three equal 
; finds one fish outstanding, throws it into the sea, and rows away with his 
third. The same thing happens a third time. The problem is, what is the 
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minimum number of fish — the minimum size of the catch — which can th 
sub-divided three times successively with one fish outstanding each time? 
story goes that Dirac thought for a few seconds and then jotted down his an 
— minus two. You see, if you divide minus two fish into three equal heap 
heap will consist of minus one fish, with plus one fish outstanding ~ minu 
plus one equals minus two ( -2 = -1 -1 -1 +1). Throw the outstanding pl 
fish into the sea, take your minus one fish away; plus one and minus on 
zero, so that you are leaving behind on the island precisely minus two fish 
ready for exactly the same sub-division as before. Dirac of course, did n 
worry what a catch of minus fish may signify. Nor does the story relate if h 
the undergraduate Prize that night. But when faced with minus electro: 
years later as a consequence of his relativistic equation, he just had to 
meaning for these anti-objects. Thus, goes the story, was the brilliant no 
anti-particles born and with it the uncovering of one more profound symm 
the Universe we live in — the symmetry of matter and anti-matter. 

Before we go further let us recapitulate once again. In the 1930s v 
nature all matter and all energy could be considered made up fr 
elementary particles or their antiparticles; eight entities in all. Further; 
particle possesses a specified value of spin. Now so far we have 
concentrated our attention to protons and electrons, both these particles ¢ 
electrical charge. We have neglected the “neutron” — a particle as massive 
proton, without, however, its electrical charge. The neutron was discové 
1930 at the Cavendish Laboratory at Cambridge. Immediately after its dis 
the question arose: if the neutron is electrically neutral one could not expe 
attract the charged protons. We had, however, earlier learnt that neutroi 
protons together make up the central core the central nuclei of all atoms. Y 
the force that keeps the nucleus bound together if it is not the electrical 
Why do protons and neutrons inside the nucleus not fly apart? The di 
appears deeper still when one reflects that even the lightest nucl 
incomparably more compact, more tightly bound than any atom we know: 
compare sizes, if a hydrogen atom is blown up to the size of the city of Ki 
the hydrogen nucleus would be no larger than the Quaid-i-Azam’s mausi 
This compactness, this tight binding must come from some force inside 
nucleus — we may call it the nuclear force — and this force must be a 
thousand times stronger than the electrical force which keeps an atom to 
The neutron may not carry an electrical charge but it must carry a nuc 
charge, and so indeed must the proton since protons too exist within the nuch 

The tremendous strength of the nuclear force explains why a nuclear b 
size for size — must be a million times more potent than a chemical boml 
nuclear fuel in a nuclear reactor must deliver a million times more powe 
chemical fuel. One had always puzzled about the tremendous output of 
from the stars. With the knowledge of the nuclear force, and nuclear react 
one knew at long last what makes the stars shine; and how the sun can pou 
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mounts of energy. The hydrogen in the sun is continually converted by 
‘fusion to helium; star-dust if you like is nothing but high-grade nuclear 
always fondly recall the story of Professor Hans Bethe the night when he 
alized that this outpouring of luminous energy from the stars was basically 
rey of nuclear reactions — the continual nuclear conversion of hydrogen to 
. Bethe and his wife were standing gazing on the Californian desert sky 
Mrs. Bethe said: “How beautifully do the stars shine tonight.” Professor 
turned slowly towards her: “Would you believe it,” he said, “but right now 
le only human being in the Universe who knows what makes them shine at 


e have spoken of the nuclear force qualitatively so far. Since 1935, the 
problem in physics has been to find its quantitative aspects. It is these 
s which shall engage us now. First two lectures are wholly concerned with 
i electrical. force - the force which keeps atoms together; which binds an 
n to a proton. One had known from the work of Planck and Einstein that 
is - the particles of heat and light — are the quanta of the electrical force. 
rst question which one asked regarding nuclear force was: what are its 


/ The first man to ponder on these questions was the great Japanese physicist, 
a. Yukawa's thinking, in 1935, went something like this. An electron or a 
ton when accelerated emits or absorbs photons. One can understand the 

ctive electrical force between a proton and an electron in terms of an 
ange of photons. Think of two rugger players who make passes to each 
One throws the ball over, the other catches it; then throws it back and so 
The passes, the exchange of the rugger ball is impossible to continue unless 
players remain within a specified distance of each other, unless they move in 
onance. A spectator who watches them from a great distance and who 
s cannot see the ball will notice only one thing; there are these two men, 


s close to each other. If the spectator is a physicist used to expressing all 
ical phenomena as resulting from forces, he will say, there is an attractive 
é between these men. Take the analogy of the two players over to an electron 
proton. The photon is the rugger ball; the proton emits the photon, the 
lectron absorbs it; re-emits it a short while after, passing it back to the proton. 
| continual exchange of the rugger ball, the photon, forces the proton and the 
tron to remain forever in consonance, to move together. The photon is the 
er of the electrical force. 

In 1935, Yukawa knew this Sigil theory of the electrical force. In 1935, 
nuclear force, however, was still very much of a mystery. Yukawa asked 
self the question: what is the corresponding quantum, the rugger ball, the 
er of the nuclear force? What do protons and neutrons exchange? 

Yukawa relates that he used to keep near his bedside a notebook; during the 
its he would scribble his speculations in the dark. Every morning he would 
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eagerly look at what he jotted down in the sleeping-wakefulness of the 
before. One morning he discovered he had solved the problem of what the ca 
of the nuclear force must be. Yukawa had speculated that there must exis 
new elementary particles, one charged positively, one negatively and the 
neutral, with masses intermediate between those of the proton and the el 
which must play the role of the nuclear rugger balls, continually exchar 
between protons and neutrons. Yukawa called these hypothetical particl 
mesons. The triumph of this speculation made in 1935 came full twelve 
later. In 1947, Powell at Bristol discovered precisely these three particles. 
signatures were inscribed as tracks on a photographic plate when the plai 
exposed to a shower of cosmic rays. In the next lecture we shall speak mot 
these mesons and the nuclear force. | 


Fourth Lecture | 

In this lecture we return to the theme of symmetries — in particular 
symmetries of the nuclear force. We ended the last lecture with the two n 
particles, protons and neutrons, each of which carries a nuclear charge. W 
mentioned Yukawa's prediction that if the nuclear force exists, there mu. 
exist three particles, three carriers of this force — the so-called mesons. An 
ended by speaking of the experimental discovery among cosmic rays of ju 
three particles — the three mesons Yukawa had speculated about. This was 
With the discovery of the mesons, the number of elementary particle 
increased to a total of seven. One felt somehow that enough was enough; 
one had all the ingredients to make complete theories of the two basic for 
nature ~ the electrical force as well as the nuclear force. Unfortunately; 
one actually tried to consider the theories quantitatively, even though 
succeeded admirably with the electrical force, one met with miserable fail 
the case of the nuclear force. And this in spite of the fact that in the mean 
the physicist had learnt to unlock the force itself in all manner of i 
devices. Clearly something was still missing. Just the total of seven elemen 
particles was not enough. : 

Now, this something missing started coming in from 1947 onwards ~ f 
smal! measure among the cosmic ray showers, then in torrents from the. n 
constructed proton-synchrotrons from Brookhaven, Berkeley, Dubna 
Geneva, Between 1947 and 1962 something like thirty new particles 
discovered, each seemingly as elementary, each seemingly as fundamental 
proton and the meson. The techniques used to isolate these pa 
experimentally form a saga of modern experimental physics. We sha 
discuss these experimental methods but the theoretical concepts one h 
develop to understand their correlations, their interactions — the concept 
comprehend the very reasons for their existence, shall form the theme o 
lecture. The ideas, the concepts, are not easy; they are still in a stage 
development and flux. 
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sriefly the experiments showed this. As discussed before, the nuclear 
es, the protons and neutrons, are spin /2 particles. Between 1947 and 1954 
liscovered a total of six new spin % particles all closely resembling protons 
utrons. There was, in nature, then a multiplet of eight nuclear objects, all 
in 4%, all as basic to the nuclear force, as a familiar neutron or the proton. 
se, the number of Yukawa mesons increased, once again from three to 
There were, in Yukawa's language, not just three but eight carriers of 
‘ar force. And as if this was not bad enough, in addition to these two 
lies of mesons and nucleons two other families of particles were discovered, 
family consisting of nine particles. These large numbers of particles — 34 in 
were bewildering. Even more bewildering appeared in the 1950s their 
interactions. As a rule all nuclear particles can emit or absorb mesons — 
€ question arose: which ones? What was the basic law governing ‘the 
or of these new objects? The situation was confused for a number of years 
*n around 1960 a definite pattern began to emerge. And the pattern was the 
ing. What we have called the nuclear charge, consists really of two 
t varieties. These varieties have been named as isotopic charge (3) and 
charge (Y). The names of the charges are not important. All that is 
ant is that nuclear charge exists in two forms. What one discovered was 
multiplet of eight particles, some will carry hyper-charge, others will 
sotopic charge, some others will carry both. The type of meson a nuclear 
e emits or absorbs depends on the type of charge it carries. Together with 
c charge, the two nuclear charges make a total of three. One could then 
'y all newly-discovered particles in terms of just what charge each one 
carry. 

“tus summarize at this stage once again. A new era opened up in physics 
; the years 1947-1960. As a result of feverish experimentation with the 
accelerators, a new and perhaps somewhat embarrassing richness was 
yered among the set of nuclear particles and among mesons. It is not 
tant to remember the names of the particles or their different correlations; 
it is necessary is to remember that there were in early 1964 a total of eight 
les constituting a nuclear multiplet of spin %, nine other nuclear particles 
ituting a multiplet of spin 3/2; eight Yukawa mesons forming a multiplet of 
_0, and another nine mesons of spin 1. Notice the recurrences of the magic 
ers — eight and nine. The particles in a multiplet could be distinguished by 
¥ either their electric charge or hyper-charge or isotopic charge. These facts 
| we have summarized took years of patient experimentation, long and 
7 vigils among the snows of Jung-fraujoch, or involved working with 
cious multi-million volt accelerators. These results were not arrived at in a 
they had to be deduced painstakingly from data which was often inadequate, 
most always cluttered with inconsequential secondary details. Professor P. 
atthews at Imperial College, London, once gave a brilliant description of 
ampered the experimental physicist in our subject is. The only tool an 
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experimental worker has is a beam of protons accelerated by a synchrotro 
a cosmic ray burst, One directs this beam on to a lump of copper or alumin 
From the number and variety of particles which fly off at a given angle to 
original beam direction, one is required to reconstruct and deduce the spins 
the charges and the types of forces which exist among the fundamental partic 
The analogy which Matthews gave was that of a beautiful marble statue: 
darkened room, on which one is spraying a jet of water from a hose. One can 
see the statue but one can collect the amounts of water splashed from « 
square inch of the statue. Suppose you were set the task of reconstructing: 
the statue itself looks — the lines and the figure and the shape and the’ 
information supplied was this splashing spray, I am sure you would begii 
sympathize with the modern experimental physicist. é 

Returning to our multiplets of eights and nines, the very first question 
arose was this: Here are eight or nine objects all essentially similar; can w: 
some approximation treat these particles as manifestations of one single en 
Is there some unity in this multiplicity? Is there some single symmetry prin 
in terms of which one may comprehend the complexity presented b 
particles? We earlier had an example of this essential unit, in the particles. 
anti-particles of Dirac. One can speak of a particle and its anti-particle — a pri 
and an anti-proton — as a two-fold multiplet. But we also know that the tv 
intimately related; the proton is the minus particle of the anti-proton. The ¢ 
the facets of the same reality, two opposite sides of the same coin. Ther 
unity in the multiplicity. Or to put it another way, Dirac’s postulate of p 
anti-particle symmetry in the Universe makes it possible conceptually to speé 
particles alone. One need never speak of the two-fold multiplet. One need ni 
speak of the anti-particles. It is the symmetry principle which is of param 
importance, the existence of a two-fold multiplet (particle and anti-particl 
something which follows as a consequence. Take another example. You | 
recall when I spoke about spin. I said a spin % particle can exist in two state: 
can either spin in a clock wise direction relative to its direction of motion,.o 
an anti-clockwise direction. One could think of spin ‘4 protons as two dis 
particles, one spinning clock-wise, the other spinning anti-clock wise, 0 
behaving like a left screw, the other behaving like a right screw. A comple 
equivalent description would be to say, there is just one entity, the spinni 
proton, but there is additionally a symmetry principle which permits one to inf 
from the existence of left-spinning proton the existence also of a right-spinni 
one. Take one more example. 1f one has a Persian carpet or an embroidered 
cover, with a pattern on it, one can describe the pattern in many different w 
Take as an example a hexagonai pattern, six flowers arranged as a hexagon: 
someone wishing to weave a similar carpet one may either give the position 
all the six flowers individually or simply describe just one typical flower and a: 
him to make a hexagon of like flowers. To describe what a hexagon is one w 
say, rotate the first flower through 60 degrees. The symmetry principle the 
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tation of 60 degrees. The symmetry principle provides the unifying 
ple for the six-fold multiplet. The pattern itself is a manifestation of the 
try. The problem in nuclear physics then was, what is the symmetry 
ple underlying its three charges and its multiplets of the eights and the 
What is the secret of the carpet patiern of the Universe? 

Now, about one hundred years ago, one of the greatest mathematicians of the 
Sophus Lie, had tabulated all conceivable abstract symmetries. He had 
fied all symmetries, or symmetry groups, as he called them, in terms of the 
iber of key directions. Recall that to make a hexagon there was just one key 
ion — the 60 degree rotation. Recall that for particle anti-particle symmetry 
was just one key direction: change plus with minus. Recall that for spin % 
was just one key direction, flip over a left screw with a right screw; a right 
ith a left spin. To realize this physically you can look in a mirror. A mirror 
ts a left hand to a right hand. The problem Sophus Lie solved was this: 
“the number and type of the key directions, he could then say 
biguously how many flowers — how many particles -— the pattern, the 
let, could contain. For the case of the carpet pattern, even a child can work 
© answer. Given the key element, the key direction I mentioned before, 
through 60 degrees — one must get six flowers all lying on the corners of a 
‘on. Suppose, however, the key directions are more complicated; suppose 
‘are in fact three directions three symmetries, like flipping electric charge 
hyper-charge and hyper-charge with isotopic charge. How shall one work 
he detailed pattern? Sophus Lie gave the following method. Consider a 
e — an equilateral triangle — with corners representing the three types of 
es, and now attempt to make all conceivable patterns by a juxtaposition of 
triangles in a specified manner. What are the patterns one arrives at? One of 
rst one gets is a hexagon again, but with two extra elements at the center, 
ng a total of eight corners; of eight elements, of eight particles if you like. 
jumbers 8 and 3 are interrelated. From the symmetry of the three charges, of 
ic, isotopic and hyper, one may infer that multiplets of nuclear particles — 
lanifestations of this symmetry — must exist in multiplets of eight and this is 
sely what one had experimentally discovered. 

ie’s theory is in fact one of the profoundest, one of the most beautiful 
thematical constructs. Sophus Lie was the Michelangelo of classical 
thematics. Even though we may have failed to convey its depth, we do hope 
asic idea itself is clear, which let us repeat again. 

) the quest for symmetry of nuclear law, one had found a deep correlation 
sen the number of charges, electric, hyper and isotopic and the numbers of 
ntary particles in a nuclear multiplet. The multiplets themselves are 
y important after the symmetry is discovered. However, the fact that the 
articles in a multiplet have the same nuclear properties implies that the 
harges themselves are similar, are mutually interchangeable; the three 
; are but a manifestation of one single charge or they are the different 
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aspects of a single entity. Technically the symmetry is known as the SU 
symmetry-three for the three types of charges we started from, “U” for Uni 
The Unitary symmetry appeared in early 1964 to be the symmetry of nuc 
physics. This was encouraging — tantalizing. But there seemed one ser 
difficulty. On the basis of SU (3) one could understand multiplets — patt 
consisting of eight particles. What about the patterns — consisting of 
particles which had been found experimentally? In Lie’s mathema 
classification one could easily check that the only possible patterns of spin. 
spin 3/2 which could at all exist must consist of either 8, or 10, or 27 parti 
but never of nine. Recall that in early 1964 one knew of only nine n 
particles of spin 3/2. If Lie’s ideas were right, there must exist a tenth partt 
otherwise the whole edifice would collapse. Those of you who may be f. 
with the philosophy of Pythagoras may recall the famous emblem wl 
Pythagoreans displayed in their secret meetings. This was a figure made: fr 
equilateral triangles with exactly ten corners. In Lie’s language this was 
the allowed SU (3) patterns. In 1964, one knew of nine spin 3/2 nuclear par 
filling all the corners of the Pythagorean figure except the apex. The c 
tenth was missing. The characteristics of this particle — named Omega mi 
could almost exactly be predicted from the existence of the remaining nine 
could assert that the particle must carry an electric charge of -1 unit, a 
charge of -2 units and no isotopic charge. One could predict its mass — it m 
nearly twice as heavy as a proton; its spin must of course be 3/2. The searc 
on and in February 1964 this elusive object was finally discovered. A 
consisting of 32 experimental physicists at the Brookhaven National Labo 
in the United States finally tracked two Omega minus’s among literal 
millions of other particles that were scanned. These precious two are in fa 
the only two Omega minus's in the Universe that we know of. Their discov 
completely vindicated the SU (3) Unitary symmetry. The possibility that sui 
symmetry might exist was first conjectured by Japanese physicists, led 
Professor Sakata, in 1959, It was elaborated in the present form in 1961 by 
of my pupils in London, Y. Ne’eman, and independently by Professor M. | 
Mann at the California Institute of Technology. The SU(3) symmetry sc 
represented a deep synthesis in nuclear physics. The validity of the symme 
was established in February 1964. The same year, however, SU(3) was no lon 
new. A deeper still synthesis came in September 1964 and a still, still deeper. 
in January 1965. From its somewhat measured growth the physics of elemer 
particles has acquired in the last six months a hectic, a breath-taking pact 
shall deal with these very, very recent developments in the next lecture. 


Fifth Lecture 
In this last lecture we sah to discuss two things. First, we wish to disc 
the most recent synthesis achieved in respect of the symmetries of the nuc. 
force. Second, we would like to speak of two other forces of nature- 
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tational force and the so-called weak force. With this our survey of all 
yn forces of nature will be complete. We shall finally make some remarks 
t the general outlook in the subject. 

We ended the last lecture by mentioning the SU(3) symmetry group as the 
nderlying symmetry of the nuclear force. Recall that the symmetry takes 
ame from three types of charges, electric, hyper and isotopic. The symmetry 
ni treating all these three charges as if they were manifestations of just one 
ary characteristic. It is perhaps good to remind once again — when we use the 
s “manifestation of a single unitary characteristic”, we do not wish to load 
“phrase with philosophical or mystical connotations, The word 
lifestation” is used in the precise mathematical sense of Sophus Lie. Let us 
t forget that mathematics is the language of physics. We further said that 
g Sophus Lie's ideas had the further corollary that nucleons and mesons must 
ound in nature in multiplets of 8 or 10 or 27. And this seems confirmed by 


Now throughout these lectures we have noticed that the elementary particles 
elementary phenomena have been characterized by two types of properties. 
; are the so-called internal properties, like electric charge or hypercharge; 
nd are the external properties like spin. Spin is called external because it has 
leeper roots in the structure of something external to all of us — in the 
ture of space and time. It had always been a recurrent dream in physics that 
e day one may be able to find a deeper unification between these two types 
roperties, that internal and external properties might merge in one single 
le. This would be the ultimate synthesis, and it is the story of this synthesis 
eved in the last few months that we wish to describe during the first part of 
is lecture. 

Before we go on to discuss the new symmetry itself, let us briefly 5 go over 
concept of spin once again. In terms of Sophus Lie's ideas, intrinsic spin 
eiry may be called the SU(2) symmetry. This is because, as we learnt in the 
h lecture, a spin 1/2 particle can be pictured as an object rotating either 
kwise or anticlockwise relative to its direction of motion; in terms of 
ultiplets, these two left and right spinning objects form a two-fold multiplet. In 
hus Lie's language, just as three varieties! of charge give rise to an SU(3) 
metry, two varieties of spin give rise to SU(2). Just as SU(3) multiplets 
sist of 8,10-or 27 particles one can show that higher spin multiplets can 
ain 2 or 3 or 4 different spinning objects. To take a concrete example — in 
re we have 8 particles of spin I/2 and 10 of spin 3/2. In making these counts 
made no distinction of left spin from right spin. If we do make this distinction 
multiplets really consist of 8 x 2 =16 and 10 x 4 = 40 distinguishable entities 
King up a total of 56. 

Now as a first part of the program to marry, to synthesize, spin with charge, 
us assume that the right and left spins can be treated on a basis completely 
ogous to the three types of charges. This is to say, consider a total of six 
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types of charges, electric charges spinning clockwise, electric charges spinning, 
anti-clockwise; hyper-charges spinning clockwise, hypercharges spinning 
clockwise, and so on. These six charges will give rise to a new Lie grou 
group SU(6). Now the mathematics — the group theory — of the SU(6) stru 
has its own volition. One can either look up Lie’s works or work out on 
diagrammatically the structure of the SU(6) multiplets. The first resul 
discovers to one's astonishment is that the lowest nucleon multiplet of S 
must contain precisely 56 quantities. We said “astonishment” because 56 i: 
the number of distinguishable nucleons which we know exist in nature. Thi 
fold multiplet of SU(6) now contains both the familiar protons and neutr 
spin 1/2 as well as the exotic Omega minus (with spin 3/2) of which jus 
specimens ate known in the Universe. A still deeper nucleons’ synthesi 
been achieved; spin 1/2 and spin 3/2 are no longer distinct; 56 of them fort 
single entity; spin is nothing but a new form of charge; one has married int 
symmetries of charge with the external symmetries of space and time. 

The basic idea of marrying spin with charge was first conjectured essen 
twenty-seven years ago by the great Hungarian physicist Wigner. In its pr 
form it was worked out in September 1964 by Professor Feza Gursey — the 
Turkish physicist, by Professor L. Radicati from Italy and by Professor Bi S 
- a young physicist from Japan. 

Now the SU(6) symmetry was profound, but it was not profound enough 
had one serious flaw. When speaking of space-time, and of its marriage, 6 
synthesis with charge, one must make sure that the space-time concepts oné 
accord with the relativity theory. The situation with spin in 1964 was the sat 
the one Dirac faced in 1928. At that time one knew of spin, but it seemed to 
no relevance to relativity. Dirac had the audacity to put relativity first. He di 
consciously look for spin; a synthesis of relativity with quantum theory led 
_ automatically to the concept of intrinsic spin. What we wanted was a si 
miracle to happen for the case of the nuclear particles. One would like to ma 
relativity into the structure of the three charges, electric, hyper and isotopic. 
wanted for the proton the analogue of Dirac’s equation for the electron. An 
was precisely what was done in January of this year. One found it was nece 
to generalize SU(2) once again to SU(4). Combining this with the SU(3) the 
symmetry turns out to be SU(12) — the largest yet in respect of the symmetri 
nuclear force. The multiplets extend once again, from 56 to 364 particles; wha 
much more important, one has at long last the beginning of the dyn 
nuclear physics. One can perhaps now write down a quantitative measure 0 
nuclear force, the dream of Yukawa in 1935, the problem which has el 
physics for the last thirty years. A fair part of this work was done by Pa 
physicists notably at the International Centre of Theoretical Physics at 
Some of the names concerned in the development are those of Mirza Baqi 
Dr. M. A. Rashid, Dr. Riazuddin and Dr. Fayyazuddin. 
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his concludes what we wanted to say about nuclear force. Let us take siock 
the situation and make a survey of fundamental physics. We have so far 
cussed two forces, the electric and the nuclear. These give us a complete 
mprehension of the world of the atom and the world of the nucleus. There are 
addition, however, to these two forces two more. One is the ever-present 
ssical force of gravitation — the first Universal force to be discovered; the 
‘ce which holds us all captive to the surface of the earth. Every particle in 
ure carries what one may call a gravitational charge. The astonishing thing 
gut gravitational charge is that, unlike all other charges, there is only one type 
gravitational charge. There are no positives or negatives among them. Put it 
other way; every particle in nature attracts every other particle — there is no 
itational force of repulsion. A second remarkable fact about gravitation is its 
treme. weakness. Relative to the electrical force the gravitational force is a 
on, billion, billion times weaker. To give you an idea of the orders of 
nitude involved, let us take a comparison. The gravitational force produced 
-the surface of the earth is the result of all the matter contained within the 
itself. An ordinary electro-magnet used for lifting material, about a 
meter or so in length, however, can produce an electro-magnetic force as 
g as earth's gravitation — the small electromagnet can counteract gravity. 
for size a tiny electrical system is as potent as the pull of the whole earth. 
if the gravitational force is so weak, why is it so persistent while the 
ical force is not? We are all-made up of electrons and protons, we are 
trical systems, but none of us exerts an electrical force on anyone else even 
gh the electrical forces are so very much more powerful. The reason is the 
we have already mentioned; electrical charge is of two types -- positive and 
gative — while the gravitational charge is of only one sign. The electric force 
els itself out, the gravitational force never does. Another question which 
ss with the gravitational force is: are there carriers of gravitational force just 
the catriers of the electric and the nuclear forces? Theoretically, there should 
Experimentally, unfortunately, we do not know. Because of the tenuous 
kness of the gravitational force, it would be very hard to detect these carriers 
so-called “gravitons”. This surely is one of the things which perhaps 21st 
tury physicists will have more to worry about. 

In addition. to gravity, there is one more force of nature — the so-called weak 
It is something very peculiar; its very existence was unknown until the 
ton was discovered in 1930. It is a force which seems to have just one 
se: to make all elementary particles decay. Whereas a free proton or a free 
tron left to itself lives on for ever, this is not the case for a free neutron. Left 
elf a free neutron disappears in about ten minutes; it decays into a proton, 
lectron and a new and rather mysterious particle called the neutrino. It was 
he neutron was really a time-bomb; its fuse-rate being determined by the 
alled weak force. The neutrino, the signature of this weak force, is a particle 
pin 1/2, it carries no charge, and it travels with the velocity of light. And it 
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has one more extraordinary peculiarity. Whereas left-spinning neutrinos ¢: 
there are no right-spinning neutrinos. The neutrino does not obey the 
symmetry principle. Like Hoffmann in Offenbach’s opera, a neutrino reflecte 
a mirror sees no shadow of itself. Why this is so, we do not know. 
Summarizing once again, we have four forces: the strongest is the nucl 
The next in order of strength is electrical, 100 times weaker than the nuc 
force. The next is the weak force, a million times weaker, and the still next 
gravitational force, which is a billion, billion, billion times weaker still 
particles can be considered manifestations of these forces. The nuclear: 
seems to obey the SU(12) symmetry law. The multiplets consist of 364 ort 
particles; the photon is the signature of the electric force. The electric and 
nuclear forces seem to be fairly well understood, and so is the gravitatit 
force, since. the days of Newton and Einstein. The weak force is comple 
mysterious. Still more mysterious, however, is the fact of why all these fo 
are divided in this somewhat arbitrary manner; why do they possess ’s 
different symmetry properties? Why do their strengths vary so very mu 
Physics can never rest till this final synthesis comes; the synthesis whic 
example, must include not only electric and the nuclear charges, but als 
gravitational. We have certainly not solved the whole of physic 
Oppenheimer’s phrase: “The future will be only more radical and not less; 
more radical and not more familiar, and it will have its own new insights f 
inquiring mind.” The same thought was expressed in an eloquent line b 
Ahmad Faiz: 
Kai baar iski khaatir zarre zarre ka jigar cheera 
Magar yeh chashm-e-hayraafi fiski hayraani nahifi jaati 
(Moved by the mystery it evokes, many a time 
Ihave dissected the heart of the smallest particle, 
But the eye of wonder, its wonder-sense is never assuaged!) 


If there is one hallmark of true science, if there is one perception th 
scientific knowledge heightens, it is this spirit of tahayyur (wonder). The dee 
that one goes, the more profound one’s insight, the more is one’s sense 
wonder increased. . . 

If we have done anything, we hope to have shown that allied with. 
wonder of God’s creation, all explanation we have ever found is based 
symmetry concepts. Whenever faced with two rival theories for the same se 
phenomena one has always found that a theory more aesthetically satisfy 
also the correct one. The Holy Book in Sura Al-Mulk (Al-Qur’an, Chapter: 
has proclaimed the faith of the true scientist: “Thou seest not in the creatiot 
the All-merciful any imperfection. Return they gaze; seest thou any fisst 
Then return the gaze again, and again, and thy gaze comes back to thee dazzle 
aweary.” 9 : 
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New Centre for Physics 


he idea of creating, under the aegis of the United Nations, an international 
for theoretical physics took shape five years ago. Some three years of hard 
sion at the forum of the International Atomic Energy Agency (IAEA) in 
a were needed to get it accepted and a further year was required to prepare 
$ inception in October 1964. The Centre has now completed its first 
mic year and it is time, perhaps, to assess how far the ideals, which went 
creation have actually been realized. 

i¢ Iriternational Centre for Theoretical Physics was conceived with two 
ideals in view. First, as a contribution to international collaboration in 
; second, as a contribution to physics in developing countries, particularly 
h the help it might give to the work of senior physicists there. Theoretical 
s happens to be one of those relatively advanced disciplines where 
s advances in recent times have come not only from the physicists from 
t and the East, but also those from some of the developing countries — 
China, India, Korea, Lebanon, Pakistan, Turkey, and others. One could 
at a successful theoretical physics institute might possibly set a pattern 
future United Nations University. 


> first occasion on which the Centre was discussed was the High Energy 
Conference in September 1960. In his banquet address John McCone, 
s then the Chairman of the U.S. Atomic Energy Commission, mentioned 
proval a suggestion that nations collaborate in setting up a joint high- 
accelerator. Some of us — Hans Bethe, Robert Sachs, Nicholas Kemimer — 
mbled afterward wondered how practical the suggestion might be and if 
ght not perhaps start on a smaller scale with modest, truly international 
for theoretical physics — financed by one of the UN family of 
izations. , 

@ same month I had the privilege of being able to voice, on behalf of the 
ni government, this visionary ideal in the form of a resolution at the 
conference of the IAEA at Vienna. We were fortunate to receive co- 
ship of the resolution from the governments of Afghanistan, Federal 
ic of Germany, Iran, Iraq, Japan, Philippines, Portugal, Thailand, and 


st published in Bulletin of the Atomic Scientists, Vol. XXI,.No. 10, 
mber 1965. 
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_ Turkey. As the list of sponsors indicates, the setting up of such a center w 
interest not only to the developed countries, but also to some of the. 
privileged ones. The hope was that a center of this type, besides prov 
venue for collaborative research, might also help in resolving one o! 
frustrating problems which active scientists in poorer countries face 
problem of isolation. Such men could come fairly frequently to the Cent 
renew their contacts and engage in active research in fields like nuclear 
high-energy physics, theory of plasma, and solid state physics. : 

Right from the beginning we received enthusiastic support from the 1AE 
directorate and from the physics community. Niels Bohr, before his 
expressed his wholehearted support; scientific panels convened in 1961 
again in 1963 by the Agency’s Director General, S. Eklund, fore 
recommended its creation. (Members of the panels were A. Bohr, P. Budi 

B.T. Feld, L. Infeld, N. Levy, R-E. Marshak, A. Salam, W. Thirring, J. T. 
and L. Van Hove.) Unfortunately, there was not the same unanimous re 
from all atomic energy commissions around the world. At the 1962. 
conference of the IAEA (where these commissions are represented), even, 
the creation of the center was accepted in principle, the feeling of the 1 
decision-making organ, the Board of Governors, was that it cou 
recommend committing IAEA funds toward it without other funds, at 1 
start with. Additional offers of financial assistance from interested m 
states were solicited; of the four received (from the government of Ital 
center to be located in Trieste, from Denmark for Copenhagen, from Pakis 
Lahore, and from Turkey for Ankara), the most generous was the It 
government’s offer, with P. Budinich, professor of physics at the Universi 
Trieste, as the moving spirit behind it. This was accepted in June 1963 an 
Centre started functioning October 1, 1964 with a charter for four years. | 


This first year’s activity at the Centre covered two disciplines in theore 
physics:. physics of elementary particles and plasma physics. The Centre 
staff of fifty-two, made up of twenty-eight nationalities. This included t 
five postgraduate and postdoctoral fellows, sponsored by the IAE 
UNESCO, most with previous research experience, the majority comin 
countries in South America, East Europe, Africa, and Asia. Among the 
physicists who spent one or more terms at the Centre during its first ac: 
year were: A.O. Barut (Turkey, USA), S.M. Berman (USA), M. Fayya 
(Pakistan), C. Fronsdal (Norway), J.J. Giambiagi (Argentina), E. Inénii (Tur 
F. Janouch (Czechoslovakia), S. Kamefuchi (Japan), T.W.E. Kibble (UK 
Lipkin (Israel), K. Nishijima (Japan, USA), C.R. Oberman (USA) 
Polkinghorne (UK), I. Saavedra (Chile), H. Stapp (USA), A. Tavkhel 
(USSR), 8S. Tzitzeica (Rumania), B.M. Udgaonkar (India), J. Werle (Poland) 


Y. Yamaguchi (Japan). 
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dition to a normal research program, the Centre organized an extended 
or each of the disciplines covered, particularly organized for those who 
ed away from active centers for Jong periods; on plasma physics in 
1964 lasting four weeks and on high energy physics during May and 
965. The plasma physics seminar (with twenty-one lecturers and eighty 
articipants) was co-directed by M.N. Rosenbluth (USA), B.B. Kadomtsev 
and W.D. Thompson (UK). This must be the first occasion when all 
ajor schools of plasma physics — the US, the Soviet, and the European — 
rated in running an extended joint advanced course. The seminar on high- 
physics brought together for eight weeks, thirty-three lecturers and one 
d and twenty other participants from twenty-nine countries. Again we 
xceedingly fortunate in that some of the world’s most active physicists 
ome to stay and lecture in Trieste. 


is not for me to speak of the quality of research contributions from the 
“All I can say is: we were very fortunate. In Weisskopf’s eloquent words, 
itre’s contributions included some of the decisive achievements of physics 
‘the last year. One can never budget for this; perhaps the men who had 
way from active centers for two or three years were bottling up ideas 
they feverishly poured forth and developed at the earliest opportunity that 


At the last meeting of its Scientific Council, Van Hove most generously paid 
ntre the following tribute. 

“When one sets up an institute, one expects a period of gradual start where 
»ple gather, where people begin to select their problems, and where gradually, the 
e of original contribution to the field develops. We have here seen this whole 
ycess in a not only very accelerated but very successful form. Within a span of time 
less than an academic year, the Centre at Trieste has succeeded in gathering a 
isiderable number of people, very active in various parts of theoretical physics, 
id has right away, despite the material difficulties which are encountered in a 
ginning period, succeeded to cohere them in a manner that a flow of extremely 
portant and extremely original contributions came out and established the scientific 
utation of the Centre all over the world in the established places beyond any 
adow of-a doubt. The contributions have been of such utmost importance that it has 
come very natural for scientists from all over the world to pass through Trieste 
en they are traveling, or to come to Trieste whenever some opportunity offers 
elf. 

“One should realize what this means for the Fellows, for the young people who 
here. Although the place is very young, just in its period of build-up, most of 
sm had the opportunity to meet leading scientists in the field, to listen to lectures, to 
cuss points in these lectures, to discuss points in the literature with the best 
ecialists, One can, I think, regard the seminar on elementary particle physics which 
oing on now as some kind of brilliant culmination of this period of activity. 
rything that is important in the field, everybody who makes contributions of some 
ence in the field will have passed through Trieste, will have discussed in Trieste, 
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and for the people who are here as members of the Centre, in particular for the 
who come here to get first-hand contact with the field, contact which they cann 
in their own country, I think the opportunities of education and research which: 
been offered are truly remarkable.” 


To summarize then, in all humility, we can take pride in that the C 
succeeded during its first academic year in three crucial ways. 

1) It encouraged good physics, not in just one field of theoretical phy: 
in an interdisciplinary manner. To maintain this interdisciplinary traditio 
plans for 1967 include an extended seminar ranging over the entire spectru 
theoretical physics; thus to recognize again its essential unity — something 
has not been attempted on this scale for a long time. 

2) We could, here, lay foundations of an active, a lasting, and a prole 
cooperation between physicists from the East and West. During 1964-65 
of eighteen physicists — senior and junior, working for periods from two m 
to a full year — came to the Centre from East Europe. During 1965-6 
collaboration will take a still sharper form when two groups of p 
physicists, the Soviet and the American (some twenty-five senior men) meé 
work together for a full year. This type of collaboration is impossible, at 
to achieve elsewhere. Da 

3) The Centre has helped physicists from developing countries wh 
long periods of silence, have begun to write and publish during their \ 
Trieste. Specifically for them, the Centre has instituted a new sche: 
associateships. The idea is to give selected active men from developing ce 
the privilege of coming to the Centre for one to four months every year 
Centre pays for their travel and living expenses in Trieste. The times (and 
the frequency of the visits) are left completely to the associates. So f. 
associates have been elected. The plan is to extend the privilege to some 
more leaders of research in developing countries. This may cover nearly’a 
first-rate men. One may hope that this (financially guaranteed) possibil 
remaining in touch (even while they are permanently located in their 
countries) might persuade.some of the best physicists from less pri 
countries not to exile themselves permanently abroad. There is no claim thi 
is the only way to halve the brain drain, but this is one way and it is worth t 


As I said earlier, the Centre was created for a period of four years 
decision if it should continue at all — and where — will be taken at the IA 
Board of Governors meeting next year. In the final analysis then, its cont 
existence depends on the atomic energy commissions of the [AEA’s 
states. Basically the problem, as always, is financial. At present nearly tw 
of the Centre’s normal annual budget of $400,000 comes from just one s 
the host government, contributing through the IAEA. The rest comes fro 
IAEA itself, with a small share from UNESCO. The Centre’s present man 
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sources of finance) run out in 1968. We must find new sponsors, within 


tions outside, if the initiative taken in creating this first faculty of a future 
liversity is to endure. 

e: Centre is fortunate in having a Scientific Council consisting of 
rs S. Vallarta, J.R. Oppenheimer, V. Weisskopf, A. Bohr, V.G. 
7, and A. Matveyev. It could never have come into existence or run as it 
vith no administrative problems but for the warm, consistent, and 
stic support of IAEA’s Director General, S. Ektund. Two university 
ns, the University of Trieste and Imperial College, London have 
“and generously contributed to its success by giving the Centre its staff. 
entre’s inception and its organization mark it as a new type of venture — an 
n collaboration between the East and the West, and the poorer nations; an 
‘collaboration for pure science organized under the aegis of the United 
The idea is the embodiment of the international ideal; it must succeed, 0 


EA, within the atomic energy commissions of the world, and among: 
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The Isolation of the Scientist 
in Developing Countries 


Five hundred years ago around 1470 A.D. — Saif-ud-Din Salman, 
astronomer from Qandhar, working then at the celebrated observatory o 
Beg at Samarqand, wrote an anguished letter to his father. In eloquen 
Salman recounted the dilemmas, the heartbreaks of an advanced research sch 
in a poor developing country: “Admonish me not, my beloved fathe 
forsaking you thus in your old age and sojourning here at Samarqand:. It’s 
that I covet the musk-melons and the grapes and the pomegrana 
Samarqand; it’s not the shade of the orchards on the banks of Zar-Afsh 
keeps me here. I love my native Qandhar and its tree-lined avenues even 
and I pine to return. But forgive me, my exalted father, for my passi 
knowledge. In Qandhar there are no scholars, no libraries, no quadr. 
astrolabes. My star-gazing excites nothing but ridicule and sco: 
countrymen care more for the glitter of the sword than for the qui 
scholar. In my own town I am sad, a pathetic misfit. It is true, my r 
father, so far from home men do not rise from their seats to pay me h 
when I ride into the bazaar. But some day soon all Samarqand will rise inr 
when your son will emulate Biruni and Tusi in learning and you too 
proud.” 

Saif-ud-Din Salman never did attain the greatness of his masters, Biru 
Tusi, in astronomy. But this cry from his heart has an aptness for our Dp 
times. For Samarqand of 1470 read Berkeley or Cambridge; for quadrant 
high-energy accelerators; for Qandhar read Delhi or Lahore and we ha 
situation of advanced scientific research and its dilemmas in the deve 
world of today as seen by those who feel in themselves that they could, giv 
opportunity, make a fundamental coniribution to knowledge. 

But there is one profound change from 1470. Whereas the emira 
Qandhar did not have a conscious policy for the development of scien 
- technology — it boasted of no ministers for science, it had no counci 
scientific research — the present day governments of most developing cot 
would like to foster, if they could, scientific research, even advanced sci 
research. Unfortunately, research is costly. Most countries do not yet feel 
carries a high priority among competing claims for their resources. No 


"First published in Minerva, London, Vol. IV, No. 4, Summer 1966. 
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us applied research can command priority over straightforward projects 
elopment. The feeling among administrators -- perhaps rightly — is that it 
id large cheaper and perhaps more reliable to buy applied science on the 
‘otld: market. The resultant picture, so far as advanced research is concerned, 
n practice almost as bleak as at Qandhar. 


and foremost among the factors that affect advanced scientific research 
pply of towering individuals, the tribal leaders, around whom great 
are built. There are perhaps 2-3 percent of all men who are trained for 
bh: What is being done in the under-developed world to ensure their 
Most developing countries are doing practically nothing. Quite the 
with all the obstacles and hazards, which beset a poor society, it is 
miraculous that any talent at all is saved for science. These hazards are, 
ie very poor quality of education; second, the higher or administrative 
f civil service — in India, the Indian administration service, and in 


an, its analogue, the civil service of Pakistan — which skim off the very top 


sub-continent’s intellect; third, the poor chances for a promising young 
h student to learn to do research as an apprentice to a master scientist. 
test obstacle of all lies in the very low probability of having the 
unity to work with a few men ~ in the case of India and Pakistan, the 
is, the Usmanis, the Menons, the Sarabhais, the Seshachars — at the few 

f excellence, who appreciate at all the demands of research career and 
n laboratories which are reasonably well equipped. There are just too few 
sts who retain the creativity of which they gave promise when young and 
re therefore too few to train younger scientists through a fruitful master- 
tice relationship. It remains a sad fact that, though India and Pakistan may 
uilt specialized institutes outside the university system where advanced 
h is carried out, by and large their vast university systems remain weak, 
nd uninspired. It is not part of their tradition to make a place for advanced 
rch or even for research at all. The colleges, which provide a large 
0 tion of undergraduate education in India and Pakistan, have grown up in a 
m of concentrating such resources as they have on the instruction and 
formation of undergraduates. I shall always remember my first interview 
e head of the premier college in Pakistan, which I joined after a spell of 
retical work in high-energy physics at Cambridge and Princeton. My chief 
We all want research men here, but never forget we are looking more for 
honest teachers and good honest college men. This college has proud 
ms to uphold. We must all help. Now for any spare time you may have 
our teaching duties, I can offer you a choice of three college jobs; you can 
1 wardenship of the college hostel; or be chief treasurer of its accounts; or 
like, become president of its football club.” As it was, I was fortunate to 
football club. 
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Admittedly, this was twelve years ago. I should be ungrateful if I 
mention that this same college today is contending with the Atomic En 
Commission of Pakistan for the control of high-tension laboratory with 
Mev Cockcroft-Walton set. This is a measure of the change brought about 
heroic efforts of the Pakistan Government since 1958. Things have chart 
Nonetheless the situation of advanced research in underdeveloped countries 
remains greatly in need of help. : 

In a number of fields, advanced scientific research in developing coun 
beginning to reach the stage of maturity in which first-rate work can be 
Indigenous resources are being skillfully employed but there is still a de. 
need for international help. ‘The truth is that, irrespective of a man’s talen 
are in science, as in other spheres, the classes of haves and have-nots; tho: 
enjoy the physical facilities and the personal stimulus for the furtherance o 
work, and those who do not, depending on which part of the world the 
This distinction must go. The time has come when the international comi 
of scientists should begin to recognize its direct moral responsibility, its 
involvement, its direct participation in advanced science in developing cou 
not only through helping to organize institutions but by providing the p 
face-to-face stimulation necessary for the first-rate individual ee it 
countries. 

In advanced scientific research, it is the personal element that count: 
more than the instructional. If, through meaningful international action; 
with national action, we could build the morale of the active research work 
persuade him not to make himself an exile, we shall have won a real bat 
the establishment of a creative scientific life in the developing countries.’ 


As an example of what is needed, I shall take the science with whic. 
personally associated. Theoretical physics happens to be one of the few sci 
disciplines which, together with mathematics, is ideally suited to developn 
a developing country. The reason is that no costly equipment is involve 
inevitably one of the first sciences to be developed, at the highest possible | 
this was the case in Japan, in India, in Pakistan, in Brazil, in Lebanon, in T 
in Korea, in Argentina. Gifted men. from these countries work in adva 
centers in the West or the Soviet Union. They then go back to build the 
indigenous schools. In the past, when these men went back to the universi 
their home countries, they were perhaps completely alone; the groups of 
they formed a part were too small to form a critical mass; there were n¢ 
libraries, there was no communication with groups abroad. There Ww 
criticism of what they were doing; new ideas reached them too slowly 
work fell back within the grooves of what they had studied in the West 
Soviet Union. These men were isolated, and isolation in theoretical physic 
most fields of intellectual work — is death. This was the pattern when J bec 
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d with the University of the Punjab at Lahore; this is still the pattern in 
Argentina, in Korea. 

dia and Pakistan we have been more fortunate than most other 
leveloped countries in the last decade. A number of specialized institutes 


wn up for advanced work in theoretical physics — the Tata Institute in 

the Institute of Mathematical Sciences at Madras, and the Atomic 
enters at Lahore and Dhaka — where a fair concentration of good men 
But this is not enough. These institutes are still small oases. They are too 
or the fertilization of the area around them. They are also in continuous 
of being dried up because the area around them is too arid and they still 
ave vigorous contacts with the world community, Tata and Madras have 


solved their problem; they have funds to invite visitors — they have fewer 
o send Indian physicists abroad, mainly because of the serious shortage of 
) exchange. 


was with this type of problem in mind that the idea of setting up an 
tional Centre for Theoretical Physics was mooted in 1960. The idea was 
iblish a truly international center, run by the United Nations family of 
zations, for advanced research in theoretical physics. It was planned with 
bjectives in view: first, to bring physicists from the East and the West 
er, second, and even more important, to provide extremely liberal facilities 
ior active physicists from developing countries. 

e International Centre tries to deal with the problem of isolation in a 
r of ways. We have ordinary fellowships, which are given mostly to those 
leveloping countries. In addition, the International Centre has instituted an 
ciateship scheme. A number of carefully selected senior active physicists 
developing countries are given the privilege of coming for a period of one 
yur months every year to the Centre with no prior formalities other than a 
to the director announcing their arrival. The Centre pays for their 
portation and their maintenance. The aim is to have eventually, at any one 
a group of about fifty senior active physicists from developing countries 


‘possess this privilege. 

oking back on my own period of work in Lahore, as I said, I felt terribly 
ed. If at that time someone had said to me, we shall give you the 
unity every year to travel to an active center in Europe or the United States 
e months of your vacation to work with your peers; would you then be 
Ny to stay the remaining nine months at Lahore. I would have said yes. No 
made the offer. 1 felt then and I feel now that this is one way of halting the 
‘ain drain, of keeping active men happy and contented with their own countries. 
y must be kept there to build for the future, but their scientific integrity must 
“be preserved. By providing them with this guaranteed opportunity for 
aining in contact with their peers, we believe we are making a contribution to 
ing the problem of isolation. 
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Ideally, the associateship scheme should be wide enough to cover 
every active physicist in developing countries. It should be well public 
every first-rate research worker should know and feel confident that he 
almost, as it were, demand its privileges if he were living in a deve 
country. Unfortunately, the International Centre at Trieste does not posses 
to do this. Yet the scheme is not very costly. Since it pays no salaries — jr 
fare and a per diem allowance — it costs us something like $100,000. Sinc 
associateship scheme seems thus far to be the most fruitful of all the avai 
ways for breaking the isolation, which kills the creativity of creative scienti 
should be extended. 

Universities and institutions with the wealth and scientific emine 
Princeton, Harvard, Cambridge, All Souls, Rockefelier University, New. 
State University, the Imperial College in London and others should seri 
consider the establishment of their own associateship schemes. It ought 
considered not only for theoretical physics but for other subjects too. Rocket 
University, for example, might extend the privilege of giving its freedo 
only to a scientist of the distinction of Professor Seshechar, but also to 
active microbiologists in most developing countries. The European Organizat 
for Nuclear Research at Geneva has already started a scheme similar to ou 
which, I believe, covers both experimental and theoretical physics. It is desi 
of course only for less-developed countries within Europe (Greece and Sp 
every active, first-rate worker in the developing countries could be covered 
would go very far towards the removal of one of the curses of being a scienti 
a developing land. 8 


28. Sketch of Abdus Salam 


Life and Work of Abdus Salam 137 


¢ Thoughts on the Role of 
ice and Technology 


ight from the days of Merlin at the Court of King Arthur, the scientist and 
chnologist have enjoyed the repute of a wizard. One of the most famous 
ist-wizards of the Middle Ages was Michael the Scot, who was celebrated 
se by his countryman Sir Walter Scott in the “Lay of the Last Minstrel”. A 
eler to the Paynim countries of the East tells us that: 

In those far climes it was my lot 

To meet the wondrous Michael Scot; 

A wizard of such dreaded fame, 

That when in Salamanca’s cave, 

He lifted his magic wand to wave, 

The bells would ring in Notre Dame! 


le are also told Michael’s words could cleave the Eildon hills in three; he 
bridle River Tweed with a curb of a stone; at a sign from him you could be 
orted from Portugal to Spain in the space of less than a night. 

fe do not know if Michael the Scot did really command the powers 
ed to him. Even if he did, he could only have anticipated the technologists 
amogordo and Cape Kennedy by just a few centuries. We may, however, 
reason inquire why he did acquire in the Middle Ages the dreaded 
ation that haunted his name. 

Michael the Scot was a humble scholar. Born in 1175, he was one of those 
‘inquiring men who wished to pursue science with teachers who were 
ently creating it. At the age of twenty-five he traveled to the Islamic 
iversity of Toledo in Spain; to study he had to learn Arabic, then the language 
ience. From Toledo he proceeded to Padua and Rome, teaching and 
ating what he had learned. His was the first translation of Aristotle’s De 
a into Latin, not from the original Greek which Michael knew not, but from 
ic. His repute for wisdom, for wizardry, was a tribute, if you wish, to 
im mathematics, Muslim astronomy, Muslim medicine of that day. 


have thus chosen to preface these remarks on science and technology in 


First Published in Pakistan Quarterly (Karachi), Vol. XU, No. 4, 
pp. 14-17 (1966). 
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Pakistan with an account of Michael the Scot. The history of science 
technology like the history of all civilizations, has gone through cycles. So 
seven centuries back, at least some of the developing-countries of today we 
the forefront of scientific and technological endeavor; they were the sta 
bearers, the pioneers. This was also the period of their greatest power. G 
Sarton in his monumental five-volume History of Science chose to divide 
story of achievement in sciences and technology into ages, each age lasting 
a century. With each half century he associated one central figure: thus 500 B 
450 BC, Sarton cails the Age of Hippocrates; 450 BC — 400 BC is the Age 
Plato. This is followed by the half centuries of Aristotle, of Euclid, the 
Archimedes and so on. From 650 AD — 700 AD is the half-century of the last 
great Chinese scientist I-Ching. From 750 AD in an unbroken successio 
three hundred years, are the Ages of Jabir, Khwarizmi, Razi, Masudi, W 
Biruni and Omar Khayyam — Arabs, Turks, Afghans and Persians —' £ 
belonging to the culture of Islam. Around 1100 AD appear the first West 
names, but the honors are still shared between the East and the West for 
hundred years more. From 1350 AD, however, science was created only i 
West. The East had lost its technological superiority and with it also its politt 
integrity. No wonder then that Michael the Scot, in 1200 AD, had to trav 
Toledo to complete his education. No wonder that this association witl 
infidels earned him an excommunication. No wonder that Dante consigned 
to Hell. 


I started this article by remarking that the scientist and the technologist 
throughout the ages enjoyed the repute of wizards both in peace and in, 
Starting with Archimedes at Syracuse, right up to the age of Oppenheime 
Teller at Los Alamos, the technologist and scientist have determined in a 
measure, the might, the respect and the place of any community in the comi 
nations. It is hardly surprising that the years of creative science in Islam w 
also the years of its greatest strength and integrity. The direct relationshi 
technological superiority with influence as well as prosperity has perha 
received no expression more eloquent than that of Whitchead: “In the condi 
of modern life the rule is absolute: the race which does not value train 


intelligence is doomed. Not all your heroism, not all your victories on land or 
sea can move back the finger of fate. Today we maintain ourselves. Tomorr 
science will have moved forward yet one more step and there will be no app 
from the judgment which will be then pronounced on the uneducated.” s 


With the coming of Pakistan the Muslim nation has once again entere 
new period of revival. If this revival is to endure it is absolutely imperative 
the nation goes back to the fountain-spring of all strength — scientific: 
technical skills. There is no reason whatsoever why men from Pakistan sho 
not be in the van of scientific achievement just as their forefathers were; the 
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ason why the country should not have first rate technicians, skilled 
men, skilled agriculturists. This is the capital, which we must build as 
hly as we possibly can. 


this note I will not discuss the high level scientific manpower. Its shortage 
akistan and the causes for this have been discussed elsewhere. Here I shall 
ely illustrate my remarks regarding the lack of skills by a set of figures for 
g and education at the secondary and pre-university stage. Around the age 
ixteen or so there is a bifurcation between the vocational and technical 
s of students versus the non-vocational in almost all countries. This list of 
vocational” students includes all Arts men, all future lawyers, all future 
ers and others. Taking a typical advanced country like Germany, the 
tages which obtained between the two streams in the year 1961 were the 
ing: 


Germany Secondary (non-vocational) 41% 
Technical and Vocational 59% 
Pakistan Non-vocational 99% 
Technical and Vocational 1% 


Pakistan (at the end of Third Plan) 


Non-vocational 94% 
Technical and Vocational 6% 


hese figures give the whole story of why the country is backward. Just a 
ays ago, the Institute of Development Economics at Karachi reported some 


res for Karachi itself. Karachi is fortunate that it is able to impart education 
some thirty-five percent of the total school-going population of the city 
veen the ages of five and twenty. Of this thirty-five percent no more than one 
nt are receiving vocational training of any kind. The reasons for this 
ndous imbalance are historical. The reasons are connected with the pattern 
sducation, which the British left us. This pattern must die. The number of 
led men have to be multiplied. It can be done but it would be a fallacy to 
gine that this is the duty of the State alone. Every industrial enterprise 


oying skilled labor owes to the community to give back to it skilled and 
ned apprentices; not only for use within the enterprise itself but also for other 
nt enterprises. The community has to participate in this tremendous 
ad”: the nation can gear itself to the task of reaching a more balanced 
portion between vocational, technical, and grammar school type of education 
ing the next ten years. Therein lies the key to national survival. 
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12 


The Advancement of Science for the 
Developing Countries 


I shall be concerned in this paper with the possibilities of growth 
indigenous traditions in basic and applied science in the developing wo: 
believe that the present situation as well as the future prospects of such a g1 
are bleak. The facts are easily stated. Of industrial science very liitle exis 
is because most industry in developing countries is based on processes boug 
from abroad; alternatively, the industrial concerns belong to foreign comp 
who prefer to undertake whatever new industrial research and developm 
needed in their own strong foreign- based research laboratories. Am 
industries I am cynically including the one great source of scientific strengt! 
any country - the weapons industry. The second area, which one might: h 
imagined would receive the topmost priority relates to sciences as applie 
exploitation of indigenous resources. This includes agricultural sciences. 
sciences, mineral sciences, medical sciences in relation to local disease: 
population problems. These are areas where the relevant scientific know 
may not be available in the world supermarket and new knowledge needs to 
created. Measuring scientific activity through the existence or lack of s 
centers of research, barring a few outstanding examples of institu 
internationally set up — and these I shall be speaking about later — ther 
unfortunately not many centers of outstanding worth. The reasons for thi 
well known. Basically they stem from the general apathy of those responsible 
economic development to invest in local science; from the lack of trust 
capabilities of their own scientists, and reciprocally of the non-involvemen 
local scientific communities in the exciting problems of development. Final 
fundamental research in the universities or outside — again barring som 
few exceptions in India, Argentina, Pakistan and Brazil — is weak for two 
known reasons, 

1) The towering men of science produced by most developing coun 
finding the atmosphere in their own countries sterile, have tended to leave... 

2) Those who are left behind are isolated and do not form part 0 
international world community. 

Thus the two promises of science, the one relating to economic developm 
and the second relating to intellectual fulfillment, both.remain unrealized. © 


"Talk at Columbia University, New York / UNESCO, Paris, 1967. 
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The weakness of science and scientific institutions is not due to lack of lip 
ice paid to the ideals of science and need for its development by leaders in 
developing countries. Notwithstanding this lip service, however, the fact 
ains that the scientific revolution of thought has hardly touched the 
loping world. There is no comprehension of the scientific style of the 
ral world, no intellectual transformation of society as a whole. The energies 
ost intellectuals in developing countries are occupied either with problems 
ch arise from the local conflicts with those in the neighboring countries or 
‘problems arising from real or supposed economic and other exploitation of 
r countries. 


My purpose in speaking to a forum like this one is that the situation in the 
sloping world is so bleak that without active involvement of the international 
ntific community it will not change. My thesis is that indigenous science in 
developing world is weak, but that it should expect and demand, as it were of 
t, fullest support from science abroad. We scientists pride ourselves as being 
last of the idealists, our motives are not politically suspect, we fortunately 
ess a fund of goodwill through the work of the institutions which include 
vate foundations, as well as the scientific Agencies of the United Nations 
ily. 

The involvement of the world scientific community and the help it can give 
he weak scientific communities in the developing countries can take many 
erent forms. I shall describe only some of the possible ways. In particular, I 
(l concentrate on some of the institutional means the world community may 
sibly use. But this is in no way meant to minimize the importance of the other 
ans which I shall not talk about. The crucial point is a realization on the part 
the world scientific community that here is a sphere where they can directly 
7 and they are expected to help. 


But before we can make an assessment of what is needed today I feel it is 
portant to get an idea of the past, particularly of why it is that the developing 
Id, and particularly those parts of it with glorious traditions of a scientific 
; have been so tardy in achieving the modern scientific transformation. Since 
sonally I am most familiar with my own, the Islamic civilization, I shall select 
illustrations from its history. 

Almost exactly twelve hundred years ago, Abdullah Al-Mansur, the second 
asid Caliph, celebrated the founding of his new capital, Baghdad, by 
ugurating an international scientific conference. To this conference were 
ited Greek, Nestorian, Byzantine, Jewish, Chinese, as well as Hindu scholars. 
m this conference — the first international conference in an Arab country — 
es the systematic renaissance of science associated with Islam. The theme of 
‘conference was observational astronomy. Al-Mansur was interested in more 
urate astronomical tables than were available then. He wanted, and he 
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ordered at the conference, a better determination of the circumference. 0 
earth. No one realized it then, but there was read at the conference a-pa 
destined to change the whole course of mathematical thought. This was a] 
read by the Hindu astronomer, Kankah, on Hindu numerals, then unkno' 
anyone outside of India. Kankah had come to the conference to present 
copies of various Siddhantas — the Hindu manuals of astronomy. 

Al-Mansur’s conference succeeded beyond all expectations. It lai 
foundations of astronomical and mathematical studies in Islam; ‘from 
conference grew the idea of the founding of one of the world’s first internat 
Academies for Scientific Research, the Bayt-ul-Hikma. But even on the® 
practical, more pragmatic plane, from this conference date the architectura 
engineering studies of Naubakht and Mashallah, both of whom attende 
sessions and who were later responsible for some of the major monument 
Baghdad. From this conference dates the craft of instrument making in Baghd | 
whose specimens still survive in the masterworks of Isa Asturlabi. 


The fact that there was collected at Baghdad this concourse of sch 
forming an international gathering, was not purely accidental. The Arabs: 
building on the heritage of Greek science, the custodians of which at that ¢ 
of history were the Nestorian Christians who, bitterly persecuted by 
Byzantines, had emigrated to Mesopotamia, and later to South West Persia, 
the sixth century onwards. They had made a home at Gondisapur, not far from 
Baghdad. They possessed, in Syriac, translations of works of Plato, Aristo 
Euclid, Archimedes and Hippocrates. The existence of this Nestorian Hellen 
center of learning, Gondisapur, was Allah’s gift to a new civilization, ther 
bursting with youthful zest and fired with the Prophet’s injunction to: val ¢ 
science and learning above everything else. On this foundation, care 
nurtured, the Caliphs in Baghdad built, importing also Chinese and Indi 
scholars. 

The next four hundred and fifty years saw the brilliant flowering of Isl AL 
sciences and learning, both in Eastern Islam as well as in the West, in Spi 
What during this period was the attitude of Western Europe towards 
outpouring of knowledge? In Charles Singer’s words: “This attitude was 
same which the Oriental now has towards the West. The Oriental recognize 
with the West are science and learning, power and organization and bus 
enterprise, but the admitted superiority of the West does not extend to his sph 
of religion. He gladly accepts Western standards of economics, techno 
science and medicine, but repudiates and perhaps despises the religi 
philosophy and much of the social outlook of the West. In the Europe o 
tenth and eleventh centuries it was exactly the opposite. The West knew full-wi 


that Islam held the learning and science of antiquity. Muslim proficiency in ar. 
and administration had been sufficiently proved.” But with this longing for 
intellectual treasures of the East, there was fear that Christian values 
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jan culture would be deleteriously affected. Thus no attempt was made to 
or to make contact. An eloquent expression to these fears was given ina 
t by Alvaro of Cordoba writing in the ninth century: “Many of my co- 
nists read the poetry and tales of the Arabs, study the writings of their 
s and philosophers, but where are those among us who can read the 
commentaries on the Holy Scriptures? Among thousands of us there is 
F one who can write a passable Latin letter to a friend, but innumerable are 
who can express themselves in Arabic and compose poetry in that 
uage with greater art than the Arabs themselves.” 


his feeling of repugnance on the part of the West lasted some three to four 
dred years. It then began to change. It is not commonly recognized how 
tant the last half of the eleventh and the first part of the twelfth century are 
the development of the European science and European civilization. For 
¢ reason there arose in Italy, France, Scandinavia and Britain a number of 
ho were willing to brave the disapprobation of the Church and its odium 
der to make available to the West the learning of the East and the 
ational intellectual treasures of humanity garnered and improved upon by 
rabs from Greece, India and China. 

ne of the most important among these men was an impoverished Scotsman 
eft his native glens to travel south to Toledo in Spain, some seven hundred 
fty years ago. For my second historical illustration I shall consider the life 
ork of this Scotsman. His name was Michael, his goal to live and work at 
ab universities of Toledo and Cordoba, Michael reached Toledo in 1217, 
o was an Arab town but not then in Arab hands. It had been captured by 
panish Christians a hundred years before, but the tradition of Arabic 
ng, Arab teachers and language remained intact. One may note the parallel 
the international center of Gondisapur of the Nestorians five hundred years 
e, which had been captured by Islam but had retained its Christian identity. 
oledo, Michael the Scot formed the ambitious project of introducing 
otle to Latin Europe, translating not from the original Greek, which he did 
know, but from the Arabic translation of Aristotle then taught in Spain. 
ly one hundred years before, Adelard of Bath, an Englishman, had done a 
- service for geometry by translating Euclid into Latin, not from the original 
k, but also from an annotated Arabic translation. 


‘oledo’s school, representing as it did the finest synthesis of Arabic, Greek, 
and Hebrew scholarship, was one of the most memorable of international 
ays into scientific collaboration. To Toledo and Cordova came scholars, not 
om the rich countries of the East — like Palestine and Egypt — but also 
eveloping lands of the West — like Scotland. Then, as now, there were 
cles to this international scientific concourse. First, there was the political 
ion of the world. In 1217, the wounds of the Third Crusade, fought barely 
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thirty years before, were still not healed. And then there was the econom 
intellectual disparity between different parts of the world. Men like Michae 
Scot and his contemporary in Toledo, Alfred the Englishman, were singular 
they did not represent any flourishing schools of research in their own count 
With all the best will in the world, their teachers at Toledo doubted the wis 
and value of training them for advanced scientific research. At least one 0 
masters, despairing of his lack of grounding in science, counseled young Mic 
to go back to the clipping of sheep and weaving of woolen cloth. 


Added to Michael’s lack of background training, there was 
disapprobation of the Church I have spoken about. Michael’s countryman 
Walter Scott, in his “Lay of the Last Minstrel” has given expression to 
disapprobation. The minstrel in Scott’s poem tells us how Michael was acc 
of wizardry and other deadly sins: 

On those far climes it was my lot 

‘To meet the wondrous Michael Scot; 
A wizard of such dreaded fame, 
‘That when in Salamanca’s cave 

He lifted his magic wand to wave, 
The bells would ring in Notre Dame! 


The lay goes on: 
When Michael lay on his dying bed 
His conscience was awakened. 
He bethought him of his sinful deed 
He gave me a sign to go with speed. 


But nothing could save Michael’s soul. Dante found Michael in agony if 
of the lowest circles of the Inferno — all for the deadly crime of learning Ar. 
and teaching Europe the Arab sciences of mathematics, biology and philosop 


Another two hundred years were to pass. During these two hundred y 
the devastation caused by the Mongols and Tamerlane destroyed all traditic 
scientific inquiry in the lands of Islam. The tables were now completely tui 
it was the Muslim scholar who had turned inward; inward towards the spi 
security afforded by his past cultural tradition; shunning all contact with newél 
thought which came now from the Western lands. One of the last of the’ great 
scholars in Islam, Ibn-Khaldun, whom Toynbee describes as a man whd 
conceived and formulated a philosophy of history which remains the great 
work of its kind that has ever been created by any mind at any time at any place 
~ even a man of such caliber, writing two hundred years after Michael the Scot, 
in 1400 AD, about sciences in Christian lands expresses himself thus: “We hi 
heard of late that in the land of the Franks and on the northern shores ‘o 
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rranean there is a great cultivation of philosophical sciences. They are 
to be studied there again and to be taught in numerous classes. Existing 
matic expositions of them are said to be comprehensive, the people who 
them numerous and the students of them very many. Allah knows better 
‘exists there but it is clear that the problems of physics are of no importance 
is in our religious affairs. Therefore we must leave them alone.” Ibn- 
dun displays no curiosity, no wistfulness; just apathy bordering on hostility. 


-could give parallels from the other two great world civilizations, the 
é and the Hindu, As far as we know, the pattern is more or less the same; 
initial borrowing from an external intellectual tradition — and.1 wish to stress 
al tradition — possibly at an international intellectual center; the great 
sion of learning in the society, its wholesale acceptance of the scientific 
of inquiry and then finally the closing in of mental barriers once again. 


played in building up science in Islamic and Christian civilizations by the 
tially alien international centers of Gondisapur and Toledo representing 
ions of living science in the midst of their own societies. I believe that 
thing similar to these centers will have to be created in the developing 
d before it begins to enter into the spirit of a true scientific revolution. 
ing can give that instinct of what is credible and what is not, that fine sense 
ie scientifically genuine and the scientifically deceptive, as the direct 
rience of living science — living in your own conditions and environment 
flourishing within your own cultural tradition. The problem, which concerns 
day is this: Can we capture or create the Gondisapurs and Toledos of today 
ur own efforts unaided within our countries? By and large, the answers 
pear to be: No! The reasons are simple. Science feeds on science. Men of 
ice wish to work where other such men are and where they obtain facilities. 
in the developing world cannot or will not afford these facilities, either 
gh actual poverty, or through a poverty of spirit; far from attracting the 
gn great men, we are likely to lose our own, retarding thereby still further 
cientific transformation of our societies. 


To re-emphasize my point, let us look more closely at the overall situation in 
eveloping countries and ask ourselves what are the first-rate institutes there 
h have made the most impact intellectually or in terms of economic returns. 

such outstanding institutes immediately spring to mind. These are the 
national Rice Research Institute (RRI) in the Philippines, set up with Ford 
Rockefeller assistance, and the International Wheat and Maize Institute 
IMMYT), similarly sponsored, in Mexico. One of the greatest revolutions, 
publicized so far, but potentially something as great as the industrial 
lution itself, is the agricultural revolution, which has been taking place in the 


ow can this situation be changed? I said earlier that a crucial initial role - 
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last three years in parts of the developing world. This revolution we owe 
work done at these two institutes. As you are aware, the bulk of th 
national products of poor countries come from agriculture. Unfortunatel 
wheat and the rice and the cotton and the maize, which we raise have hat 
low yields. This was not due to any sloth or perversity or incompetenc 
part of our farmers, It simply was the result of the genetic varicties that 
without any diets of nitrogen. The introduction of. a nitrogen-con 
Japanese variety of rice in India, for example, simply failed, for India,’ 
enough, does not have the same long hours of sunlight as Japan. 


Sr rhE one sien 30. World Food Laureate H.M. Bea 
29. Nobel Peace Laureate Norman with U Thant, UN Secretary Gene 
Borlaug at CIMMYT, Mexico, 1972 R.F. Chandler, Director, at IRRI, 197 


The last few years have seen great advances in plant engineering. 
advances have for the first time been purposefully applied to create ne’ 
varieties of wheat and rice. The wheat research was carried out in Mexi¢ 
tice research in the Philippines. The ideal tice plant, I understand, was lit 
designed on the drawing board; the roots of so much thickness, the ste 
stalk, the ears, the numbers of grain in each ear, the amount of sunlight i 
receive. Likewise for rust-resistant wheat, with short, stiff straws’ 't 
“lodging” of heavy-headed plants, insensitive to differences in diurnal: 
of sunlight and dark. The new varieties were tried on a large scale in In 
Pakistan for the first time on some thirty million acres in 1967-68. T 
crop yields went up by as much as 300% — the rice, in some instances, by 50 
This summer there was a shortage of agricultural labor in West Pakista 
first time perhaps in history — there was so much to lift and reap. 
production in Pakistan has gone up from 3.8 million tons to 7 million ton 
expected to increase at 10-15% per year for a number of years; Pakis 
worrying about a wheat glut. 
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iy were these international institutes able to work a miracle, which no 
| institutes could? The reasons I think are not far to seek. The atmosphere 
entific pursuit as we understand it, the caliber of men that could 
tionally be assembled, the facilities that could be afforded, the contacts 
e rest of the scientific community, the flow of information, all simple 
which one takes for granted and which simply are not available or made 
le in the developing countries themselves. 


ll the example of these institutes implant the true scientific ideals in the 
nding countries? Will they be imitated, their example followed? Will they 
he scientific revolution I have talked of before nearer? I believe so, I hope 
¢ one thing, for the first time the miracle wrought by the work at these 
tutes has convinced our hard-headed administrators that applied science is 
spending money on. To this symposium has been presented a proposal to 
sh an international center on insect physiology and endocrinology in East 
find it an exceedingly exciting proposal. It carries with it the promise of 
fic frontier field in a problem, which is at the same time closely related 
ral needs of the developing world. It promises to attract leading men of 
ience to work in the developing world and help to bring about the 
fic revolution. Given thirty or forty such institutes around the developing 
feel a real scientific transformation will come about. | 


ve spoken of the modern parallels of Gondisapur and Toledo, centers of 
fic excellence set up in developing countries in conjunction with local 
sities or outside them, but backed strongly by the international science 
unity. One of the important problems which arises in connection with such 
ters is: how should they be sponsored? The Wheat and Rice Institutes were 
f by local governments with help from two of the highly respected scientific 
tions. In addition to these foundations there is one other — and indeed 
jally an even more important — non-political resource, which we as a 
ity have not fully exploited. This is the United Nations Organization and 
tific Agencies. The United Nations is a much maligned institution; most 
e conscious of only one side of its activities, the political, embodied in 
irity Council. Very few of us know of its far-reaching social, economic 
sntific work. The scientific work is concentrated in its specialized 
s: the Food and Agriculture Organization, with an annual budget of $30 
‘the World Health Organization with a budget of $50 million; the United 
Educational, Scientific and Cultural Organization, with a budget of 
$30 million; and in a category by itself, the International Atomic Energy 
with a budget of $10 million. These are very modest sums, but in — 
the United Nations itself dispenses some $100 million on science and 
‘ogy through the United Nations Development Fund. These budgets are 
d by member nations according to a formula based on their gross 
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national products. The specialized agencies dispense the funds for pro 
technical assistance to developing nations; they award fellowships and s 
conferences and symposia. To coordinate the work of these Agencies; 
pinpoint newer areas where science and technology may make a direct it 
there is the United Nations Advisory Committee on Science and Technolog 
which I have the privilege to be a member. 


As an example of the exploitation of the United Nations machinery f 
science, I shali take the case of an international institute for the deve 
countries, in whose setting up I was personally associated. Unlike the 
institutes | have spoken about, it is not an international institute loca 
developing country, though it could have been. By speaking about it I w 
illustrate an important anti-brain-drain device to end isolation of. 
scientists from the developing countries which was pioneered at this institu 
which may have applications throughout the scientific field. You may have 
that the scientific effort of the United Nations family has so far been 
oriented toward applied science. A natural extension of this work would 
charge the Organization — with its unique inbuilt supranational structur 
collective use of available resources ~ with responsibilities also 
fundamental science, and this would naturally include responsibilities 
scientists from developing countries. : 


In September 1960 I had the privilege for the first time of atten 
General Conference of the IAEA as a delegate from Pakistan. It seemed t 
good thing to try to make at least a beginning toward an international 
Nations University, benefiting university scientists both from developin; 
as developed countries, by proposing to set up a post-graduate Cen 
Theoretical Physics under the IAEA auspices. With the co-sponsorshi 
Governments of Afghanistan, the Federal Republic of Germany, Iran, Jap 
Philippines, Portugal, Thailand and Turkey, we introduced a resolution 0 
of the Pakistan Government, suggesting that an international center for: 
in theoretical physics should be set up under the auspices of the L 
consonance with the standard UN practice, the resolution started with a. pr 
which stressed the unique virtues of theoretical physics for peace, Prosped 
health of mankind. 

Of the list of nations first sponsoring the idea, most were 
the less-privileged countries. It was clear that the setting up 
of such a center was of interest to these nations, for the hope 
was that it might help in resolving one of the frustrating 
problems which their active university physicists face — the 
problem of isolation. Such men could come frequently to a~ 
center of this type, not to stay permanently but to renew their 
contacts and then to go back refreshed after a period of 
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trated research. This would not solve the problem of heavy teaching 
n their own countries, it would be no substitute for building up centers of 
ce in their own countries, but it would certainly end one aspect of their 
lities — isolation from newer ideas. 

ht from the outset the idea met with enthusiastic support from the JAEA’s 
‘ate, particularly from its distinguished Director General, Dr. Sigvard 
- whom you well know, as well as from the physics community, two of 
st ardent sponsors were Niels Bohr and Robert Oppenheimer. 


er four years of intense behind-the-scenes effort, the Board of Governors 
to set up such a center, for a trial period of four years, provided the bulk 
of the finance for it could be found outside of IAEA 
funds. The reluctance of the Board of Governors was not 
unrelated to the fact that the IAEA’s total budget of $10 
million is itself an extremely modest one. Offers of 
financial assistance from interested Member States were 
solicited; of four received (from the Government of Italy 
for a center to be located at Trieste, from Denmark for 
Copenhagen, from Pakistan for Lahore, and from Turkey 
for Ankara) the most generous, and one which no 
developing country could hope to compete with, was the 
ae Italian Government’s offer for Trieste. The moving spirit 
ae behind it was Professor Paolo Budinich, Professor at the 

University of Trieste. This offer was accepted and the 
started functioning in October 1964 with a mandate until October 1968. 
has now been extended for a further six years; furthermore, from 1970 
s UNESCO has decided to participate as a full partner with IAEA in 
ng and running the Centre. 


me of you may be familiar with the Centre and what it has achieved 
ig the last five years. The Centre receives as visitors leading physicists; in 
iple from one hundred but in practice from around fifty nations — thirty of 
eveloping. These men come to work on their own research problems in 
ilieu, which they themselves create. In this the Centre does not differ from 
other research center in theoretical physics, except perhaps in the jealously 
high standards it tries to maintain. Where it does differ is in the easy 
ality with which it can arrange long-term contact between physicists from 
‘ast and the West — this is possible because the Centre is a United Nations 
‘cored Institute and not a national one — and even more important; of 
cists from developing countries. To break the barrier of their isolation, the 
© has pioneered what it calls an associateship scheme. I shall describe it, 
as I said it possesses wider applications outside the Trieste Centre. An 
iate in our terminology is a physicist working in a developing country who 
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is simultaneously a member of the Centre’s staff. Once elected he can co 
the Centre every year for a period ranging from six to twelve weeks, wi 
formalities except a letter announcing his arrival. With a generous grant fro: 
Ford Foundation the Centre pays the associate’s fare and his expenses at Tri 
the associateship lasts for three to five years and is renewable. The intenti 
try to cover all top active men in the developing world and to give them 
financially-guaranteed possibility of remaining in touch with other leading 
in their subjects. The crucial feature of the scheme is the stability of the thi 
five years which it provides a leading man in a developing university to pla 
work and career. The one important pre-condition for remaining an associ 
that nine months of the year must be spent in the developing country itself. 

We received this year a generous grant from the Swedish Intern 
Development Authority to create twelve associateships for African profe; 
Our total at present is thirty-five; I am hoping that some day soon my dreé 
being able to finance one hundred associateships for front-rank active the 
physicists will be realized. 


_ There is nothing special about theoretical physics so far as the associ 
scheme is concerned. There is no reason why other institutes in other s 
may not start similar schemes to ours to end the problem of scientific i 
Every university in the developed world can do this — by appointing five 
associates in any discipline it may choose ending thus once for all the prot 
isolation of scientists from developing countries. The United Nations A 
Committee, at a recent session in New York, took the initiative to con 
meeting of US. University Presidents and Heads of US private foundatio 
up in conjunction with the United States Academy of Sciences and the Can 
Research Council a scheme catering in this manner for between two hun 
three hundred scientists. The Canadian Research Council has already sta 
own scheme of associateships or dual appointments of those leading mi 
have in the past received their research training in Canada. We are still | 
for the United States’ action. 


The ideas I have spoken of form part of the greater idea of setting up a 
federation of research institutions which may or may not have connecti 
the United Nations Organization but which could be affiliated to 
university. This is the idea to create a world federation of existing internat 
postgraduate institutes for advanced study which may constitute a f 
towards the achievement in the future of the bigger ideal of a fully-fledged 
university. The essential element of the plan is to identify presently ¢ 
research institutions of first rate quality which are international in charac’ 
in terms of their faculties. All such institutions — if they exist in the dev 
world — may pledge to reserve perhaps 20% of their resources and fa 
towards supporting the work of high-grade scholars from developing co 
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gh associateships, dual appointments or other devices. Such Institutes, 
ler with the International Institutes I have spoken about in the developing 
ries — both in pure and applied sciences — as well as in Economics, 
logy and other studies of man — would make up a Federation, enriching 
ther by contacts, deriving strength from common ideals shared and 
iced. As I said I would like to see such a Federation linked up with the 
d Nations Organization or one of its Agencies in a loose connection. Most 
s feel frightened of a possible deadening hand of the United Nations 
inery. From personal experience with the Trieste Centre J can vouch for it 
heir fears are exaggerated; on the other hand the advantages in terms of true 
lationalism are very real and immense. In sciences, in scholarship, when we 
f internationalism, most thought goes to contact between the East and the 
-The thesis of my remarks today has been that there is the Third World, 
much wishing and very much deserving to come in as equal third partners. 
ited Nations system has the merit that it constantly reminds one of this. 


efore this Federation of World Institutes begins to look like the World 
ity in the sense most of us understand the University concept — and this 
equally even if we limit our sights to a postgraduate University — new 
es, with tasks relating to universal studies relevant to man’s state, will 
© be created to link up with this Federation. But the first step — the 
ration — could perhaps come even within the next ten years. In all my 
s [have throughout assumed that the scientific community recognizes that 
art of its mandate to build up true internationalism. We who pursue 
ic inquiry as a profession find the international ideal something bred, as it 
ithin our bones. The very exigencies of scientific creation demand that in 
suit we recognize no color, no creed, no political persuasion. Most of us 


e international ideal was never expressed better than by the seventeenth 
ity mystic, John Donne: “No man is an island entire of itself; every man is a 
: of the continent, a part of the main. If a clod be washed away by the sea, 
pe is the less, as well as if a promontory were, as well as if a manor of thy 
s or of thine own were. Any man’s death diminishes me, because I am 
sd in mankind; and therefore never send to know for whom the bell tolls; 
S for thee. ...” a 


in this passionately, not just as one more measure towards. 
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13 


The Permanently Rich and Permanently Poor 


I appreciate your kind courtesy in permitting me to make a brief comme 
Prof. Harrison Brown’s paper. 

T am sure all of us are most grateful to Prof. Harrison Brown 
thoughtful, wise and constructive contribution. His picture of a division bet 
the more or less permanently rich and permanently poor huma 
frighteningly true. As Prof. Harrison Brown has said, the moral, the spiritua 
even the political issues this crisis of humanity raises are immeasura 
Gandhi’s immortal phrase, “to those who do not get their two meals a da 
God dare not appear except in the form of food.” Today we can still affo 
speak about this crisis in detached, somewhat sorrowful tones. Tomorrow i 
become too serious — as Prof. Magat suggested on Sunday — a conflict 
haves and have-nots predicted as far back as 1945 by Aldous Huxley. H 
not idle, irresponsible words. For as long as there remains one reservo 
armaments accessible to poorer humanity, a world as polarized as” 
fundamentally unstable and will not endure. : 


But why are we so desperately poor? Prof. Harrison Brown has enut 
various factors: high birthrates; lack of understanding of tropical agri 
inadequacy of investment capital. To my mind the most crucial point’ 
made, however, is that development and all factors involved in it ar 
interrelated. For example, birth control measures will not succeed for th 
fifteen years, firstly because we cannot foreseeably afford and develop 
security measures to replace the old-age security provided by male cl 
secondly, they will not succeed until basic health services are developed 
pitch that women can safely trust these services for any mishaps that 
occur. We therefore are, in Prof. Brown’s phrase, in a most unfortunate feed 
loop where poorness intensifies poverty. 


Among the factors not mentioned by Prof. Brown is the crucial one o 
falling commodity prices and ever-rising industrial prices. Prof. Garcia is g 
to elaborate on this, but it sometimes appears to us in the poorer world that.\ 


our humble way are helping to finance some of the continually rising 


Presented at the 17th Pugwash Conference on Science and World Affairs, - 
Ronneby, Sweden, September 3-8, 1967. 
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ards of the rich. During the ten years between 1955 and 1965 Pakistan 
éd one and a half billion dollars in what are euphemistically called adverse 
of trade. If all aid had been withdrawn and only the prices had stood still at 
vel of fifteen years, we would probably have done no worse. And the 
on grows yearly more bleak with increasing economic discrimination 
t our semi-manufactures in the developed markets. A ton of cocoa beans 
200 landed in France. Crush the cocoa beans, grind them immediately 
is a 150% tax levied on this so-called manufactured commodity within the 
ean Economic Community. It is heartless, it is cynical to say this, but one 
wonders if the EEC wishes to forbid Nigeria and Ghana from reaching 
this much of industrial maturity. The same story repeats itself with Indian 
re when converted to pig iron. In recent years we have heard of tremendous 
m against the technological gap developing between the US and Europe — 
: enormous price Europe must pay for technological processes, patents, 
ized materials which it must import. Multiply this technological gap by a 
: f a hundred; imagine your country is at the mercy of a foreign technical 
unmotivated by any of the Pugwash ideals, unrestricted by any effective 
etition, using what it cavalierly tells you are after all long-range loans or 
ht grants and you may perhaps understand some of our cynicism; some of 
esentment at the patchy, often wasteful, uncoordinated aid programs of 
. And not only are these programs patchy, - and here I might disagree 
what with Prof. Harrison Brown’s presentation — it just is not true that the 
oping world would not be able to absorb the extra funds if the world loan 
aid facilities were doubled tomorrow on account of lack of trained 
wer. In my view, the few countries which have made a relative success of 
development plans in recent years — countries like Formosa, Philippines, 
a, even Pakistan were fortunate to receive. help above the magic par line of 
2¢ dollars per person per year. They certainly had no more trained manpower 
n those unfortunate ones below this magic line, countries like India, Brazil or 
ntina, the problem of whose trained manpower exports have occupied at 
part of a working group’s time. This manpower may not be properly trained 
evelopment tasks but they possess the basic training. With the experience 
Yy gained it would not take decades to use them if funds were available. But 
really being ungrateful; I could not endorse strongly enough Prof. Harrison 
m’s pleas for a multinational capital and technical pool. The crucial 
ion, however, which we must ask ourselves is how we in the Pugwash 
ment can accelerate its creation, how we can convey to those who make 
ions the intensity of our feelings. The Secretary General spoke on Sunday 
ie Continuing Committee’s suggestion to promote in smaller Pugwash 
rences, studies in depth of selected problems, related also to development. 
we from the developing countries hope for something more. To illustrate, let 
ake the recent example of a study in depth on the World Protein Gap, 
nissioned by the United Nations Advisory Committee on Science and 
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Technology — a committee in some ways parallel to the Pugwash. This 
was prepared after eighteen months’ work by the ablest world scientific 
available; it recommended to the Economic and Social Council of the 
Nations a 13-Point plan of action; it recommended the setting up of a volu 
Protein Promotion Fund of 500 million dollars over ten years. The Economi 
Social Council of the United Nations met in July this year. The Advi 
Committee had succeeded in convincing some of the developing count 
start the debate, to sponsor the Protein project and to pledge their share of ¢ 
The UN Council met; it politely thanked the scientists for their worthy 
and proceeded then to shelve any mention of the 500 million dollars; endi 
its judgment the whole episode. 


I am bringing this concrete case up because to my mind this should n 
the end of the road. This is precisely where Pugwash as the moral conscien 
the Scientific Community will have to learn to strike, to exercise its infl 
We, as scientists, know better than anyone else that three hundred millio 
world’s children, who are currently deprived of protein between the ages. 
and seven are under a sentence of having their learning process im 
permanently and irreversibly — of becoming second class citizens, a dr 
humanity, even if they survive. I believe the Continuing Committee, the ni 
Groups, all of us can and should mount a crusade on issues like this one | 

our individual and collective voices educating those who make the 
allocation of funds. I have seen within. my own humble experience: hc 
determined effort by Pugwash scientists with their own Governmen 
succeed. My example does not have the global significance of the Te 
treaty, but it does illustrate what can be done. In 1960, at the Interna 


Atomic Energy Agency, a group of physicists from the developing coun 
proposed the creation of the first Centre of excellence for pure science uni 
aegis of the United Nations. They were opposed by delegations from the 


USSR, UK, France, Canada, Belgium, Holland, Australia — in fact, from al 
all the advanced countries. Two years later at the same forum, at the 
meeting, the same resolution was carried through unanimously this time. Di 


these two years, the Pugwash physicists had been at work. Most of: the 
physicists are here, sitting in this audience. I shall not name them. But ‘thi 
persistent persuasion with their own governments carried the day. I am éq 
confident two years from now, the 500 million dollar Protein Project — in 
the international pool Prof. Harrison Brown spoke about — could equally 
into existence if we truly bend our energies to it. I would like to end by reca 


something which happened six hundred years ago. 


On a cold January morning in the year 1401, the greatest philosopt 
historian of Islam, Jbn Khaldun, was lowered at his own request by long rop 
over the city-ramparts of Damascus. Damascus, at that time, was beleaguere 
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atar hordes of Timurlane of Samarqand. Timurlane, the world conqueror, 
few years before sacked Baghdad, then Delhi, then Moscow. A trail of 
ion and death had followed his Tatar armies everywhere. It appeared that 
six hundred year ago that the fate of Damascus was sealed. Ibn Khaldun, on 
-man self-appointed mission, hoped to plead with Timurlane for a reprieve 
the life of Damascus. Ibn Khaldun was a native of Tunis. He had been 
ng Damascus and was now caught in the siege. Some twenty years before, 
completed in Arabic his master-work on Universal History. In Arnold 
ibee’s words, “Ibn Khaldun had conceived and formulated a philosophy of 
ry which undoubtedly remains the greatest work of its kind that has ever 
reated by any mind, at any time, at any place.” With nothing but the 
eous assurance of a true scholar to sustain him, the seventy-year old 
osopher-historian trusted in his ability to influence the semi-literate Tatar, 
hom he could converse only through an interpreter. 

History has preserved an account of this encounter. Timurlane attempted to 
he interview to his ends as a military leader would; he minutely questioned 
nolar on the military routes to Cairo, Tunis and beyond. Ibn Khaldun on his 
solutely parried. His was a humanitarian mission; he would not let his 
edge serve any future ventures of the Tatar. In the end, the scholar’s 
ty won; his word prevailed. Timurlane signed a reprieve. Damascus was 


henever I think of this heroic, this courageous act of a great scholar, it 
ts a glow to my heart. To find an individual parallel today, one would have 
ject a Weisner, or a Cockcroft, or a Rotblat pleading and succeeding in 
g areprieve for Hanoi. To find a collective parallel, one has to come to 
Pugwash movement. 

ike Ibn Khaldun, we all owe a moral responsibility to save humanity in this 
crisis where it sometimes appears to us as if two distinct species are 
biting this same planet. Like Ibn Khaldun, we can, we must succeed. 
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Memorandum on a World University 


A number of groups have been working independently towards the con 
of setting up one or more world universities. That at least one such universi 
not come into existence at the same time as the United Nations in 194 
something of which the world’s academic and scientific communities can 
proud. It is imperative that practical steps be taken in the nearest future to ¢ 
that we see one or more truly international universities take shape during 
next twenty years. 


The plan envisaged here is one way of progressing towards this objectiv 
has the merit that nucleating points exist already, and it could 
implementation in as little as five years. 

I do not have to recount the difficulties, which are likely to be rt 
implementing the idea of a full-fledged, conventional university. Since th 
of money involved are likely to be large, it is out of the question that the. 
even with the support of the World Bank — could finance such a venture 
also unclear if one could get a number of the richer countries passi 
interested in a project of this type and ready to back it. There are to 
casualties among proposed international or regional institutions in the aca 
field already to give great hopes of success unless one proceeded in a g 
manner. Further, the choice of location in one country in preference to ano 
will always present difficulties. Even the choice of which faculties to de 

' first is not going to be plain sailing. 

This note, then, is not concerned with a university in the conventional ‘se 
~ an institution devoted both to teaching and research. We shall het 
concerned with research only. The plan is to create a world federa’ 
international institutions for advanced study in various disciplines, whic 
constitute a first step towards the achievement in the future of the large i 
full-fledged world universities of the conventional type. It is the basic prer 
here that it would be tragic if world universities, and likewise the federa 
proposed, were not linked right from the outset with the United Nations. E 
though imperfect, the UN provides the one means that exists today to ensure th 
in academic institutions set up under its aegis politics and scholarship ma 
separated from each other. Second, the most important, it is the one 
guarantee of true internationalism, 
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ne avenue which can ensure that scholars from the developing countries, 
receive their due and full share of the facilities and resources of the 
utions proposed here for federation. 


iffiliation Criteria 

‘he essential element of the present plan is to start to identify internationally 
ted and staffed research institutions (mainly in scientific subjects) and to 
gthen the international aspect of their program through an association with 
UN. There is no dearth of institutions which are, to a lesser or larger degree, 
ational, even though their original charters do not specify this. The idea 
d be to make them even more consciously so, by according them a UN 
er if they satisfy certain specified criteria. 

uch centers would have to possess the highest quality rating and an 
ational faculty, staff and research fellows; they would also agree to spend a 
mum portion (perhaps 15 to 25 percent) of their resources and their facilities 
irthering the work of high-grade scholars from developing countries. (It is 
whether a similar proportion should be fixed for the share of developed 
tries of different political complexions.) The UN may, when an expressed 
e exists, select a certain number of presently existing or projected centers of 
lence devoted to research and training, satisfying these criteria, to be linked 
ther in a world federation, as I have suggested. (In the case of socialist 
tries with centrally planned economies, such centers may be presented by 
Tespective governments for inclusion in the federation.) 


ations, one may perhaps cite the example of the International Centre for 
retical Physics at Trieste, Italy. This is not a typical case, but it does prove 
<ample of a UN academic faculty in actual operation. The Centre was set up 
r the auspices of the International Atomic Energy Agency (IAEA) with the 
eration (and from 1970 equal participation) of the UNESCO. The Centre is 
ted to imparting training for and conducting research in all disciplines of 


retical physics at the highest possible level. It draws its scientific faculty 
g professors) and research fellows from, theoretically, ninety countries. 
ctice, some fifty countries from the East, the West and the developing 
; are represented.) The Centre maintains the highest possible standards of 
ity in research. But most crucially, 50 percent of its facilities and research 
ions are reserved for scientists from developing countries. The unique 
re of the research places thus reserved is that the Centre offers dual 
intments to senior and active theoretical physicists. Such appointments are 
or a period from three to five years; the scholar is required to spend the 
of his time —- around nine months of the year — in his own couniry and the 
aining three months in Trieste. In addition, the Centre has built up federation 


‘o illustrate the working of one such center with respect to its international 
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links with research institutes in developing countries, on a cost-sharing | 
which afford mobility to staff and research fellows. At present there are. 
twenty such federated institutes in Eastern Europe, Latin America, the M 
East and Asia. : 


The proposed world federation of international institutes of advanced 
would include centers like the International Centre for Theoretical Ph 
Other institutes joining this federation could operate similar schemes o 
appointments and federation with institutions in developing (and dev 
countries. There are a number of existing institutes of excellence whic 
wish to acquire the UN charter, and once the scheme is formulated, of ¢ 
there is not the slightest doubt there will be numerous others offerin. 
facilities. To name just a few possibilities, there is the Asian Institut 
Technology at Bangkok, for engineering studies; the Salk Institute at Sa Di 
for biological studies, the (proposed) European Institute of Technolo: 
Geneva; the Institute of Oceanography at Woods Hole. A number of 
institutes in the USSR, Great Britain, France and developing coi 
immediately spring to mind, which would doubtless welcome the opportu 
belong to such a federation — to widen their facilities to share staffs and’v 
and be obligated thus to throw their door open to scholars of sas p 
countries. 


The action needed to carry out the project proposed here would b 
make the idea widely known and accepted by a number of centers of exce 
2) To define the criteria for a UN charter, on the lines proposed. For this 
needs the meeting of a group of world scholars and those who run cent 
excellence around the world. 3) Finally, to have the idea of accordi 
recognition to such institutes and the setting up of the world federation ac 
at the General Assembly of the United Nations. uh 


The UN would not be spending any vast sums on the proposed fedei 
The financing of the institutes would still come from the present sources, w. 
fund them, as indeed would the basic governing of the institutes, except in 
to their international functions. However, the UN might create 
administrative cell within the organization to make possible contacts betwee 
federating institutes and to ensure common policies and practices. Discus 
within the Secretariat appears to show that these ideas would be very 
received there. 
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morandum on Islamic Science Foundation 


Islamic Science Foundation 

This is a proposal for the creation of a Foundation, by Islamic countries, 
1 the objective of promotion of science and technology, at an advanced level. 
oundation (working in conjunction with the Islamic Conference) would be 
ored by the Muslim countries, and operate within these, with an 
ment fund of $1,000 million and a projected annual income of around 
0 million, The Foundation will be non-political, purely scientific, and run 
inent men of science and technology from the Muslim world. 


. Need 

io Muslim country, in the Middle East, in the Far East or Africa possesses 
level scientific and technological competence attaining to any international 
in quality. The major reason is the persistent neglect by Governments and 
'y in recent times in acquiring such competence. In relation to international 
s (around 0.3% of economically active manpower engaged in higher 
tific, medical and technological pursuits, with around 1% of GNP spent on 
) the norms reached in the Islamic world are one-tenth of what one should 
-t for a modern society. 


Objectives of the Foundation 
s suggested that a well-endowed Islamic Science Foundation be created 


0 objectives; building up of high-level scientific personnel and building 


jentific institutions. In pursuit of these objectives: a) The Foundation will 
new communities of scientists in disciplines where none exist. It will 
gthen those communities, which do exist. This will be done in a systematic 
, with the urgency of a crash program. b) The Foundation will help in 
ing up and in strengthening institutions for advanced scientific research at 
ternational level, both in pure and applied fields, relevant to the needs of 
im countries and their development. The emphasis of the Foundation’s 
vould lie in building up sciences to international standards of quality and 
ent. Of the two objectives listed above, the building up of high-level 
tific personnel will receive the higher priority in the first stages of the 
Undation’s work, 


( sented at the Conference of Islamic Countries, Lahore, July 2, 1973. 
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4, Program 
In pursuance of its twin objectives (a) of building up high-level sci 
manpower in a systematic manner, and (b) of employing this manpow 
advanced work for the betterment and strength of Islamic societie 
Foundation will pursue the following program. 
a) Building up of scientific communities 
i) Scholars will be sponsored by the Foundation to acquire knowle 
advanced sciences, wherever available, in areas where gaps exist an 
there are no existing leaders of sciences. After their return to their countri¢ 
Foundation will help them continue their work. Funds of the order of $10 
would support some 4,000 scholars annually while they are receiving a 
training, and support around 1,000 scholars and the needed facilities on 
return. 
ii) Programs will be organized around existing scientific leaders 
to increase high-level scientific manpower. For this purpose, contracts: 
awarded to university departments to strengthen their work in selected. 
Quality of the University faculties will be the criterion for the award. 
contracts. Funds to the total of around $15 million may be spent annu 
these contracts. 
iii) Contact of scholars from the Islamic world with the world SC 
community. Existing science in Muslim countries is weak because 
isolation. There are no contacts between scholars in Muslim countries 
world scientific community, principally on account of distance. Science 
on the interchange of ideas and on continuous criticism. In countries: 
international scientific contacts, science ossifies and dies. The Foundati 
endeavor to change this. This will entail frequent two-way visits of fellow 
scholars, and holding of international symposia and conferences. Fund: 
order of around $5 million will subsidize some 3,000 visits a year of aro 
months’ duration. This, spread over around ten sciences and over 
countries, is about twenty visits a year from any one country in any one s 
b) Sponsoring of relevant applied research. The Foundation ma‘ 
around $25 million for the strengthening of existing and the creation’ o 
research institutes on problems of development in the Middle Eas 
Islamic world. These new institutes of international level and standing would 
devoted to research in problems of health, technology (including pe 
technology), agricultural techniques and water resources. These institu 
also become units of the United Nations University system in order. t 
international standards of quality and achievement through contact w 
international community. (A successful institute like the Internation 
Research Institute in the Philippines costs about $5-6 million to create, and. 
the same amount to run at an international level). 
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. The foundation may spend $5 million in making the general population of 
ic countries technologically and scientifically minded. This will be 
ved through instruction using mass media, through scientific museums, 
ies and exhibitions, and through the award of prizes for discoveries and 
tions. An appreciation of science and technology by the masses is crucial if 
is to be a real impact of science and technology. 

): The Foundation will help with the task of modernizing syllabi for science 
hnology at the high school as well as university level. 


unctioning of the Foundation 

). The Foundation will be open to sponsorship by all Islamic countries 
| are members of ihe Islamic Conference. 

} The Foundation will have its headquarters at the seat of the Islamic 
nce, In order to retain active and continuous contact with the research 
rs and projects it endows, it may set up subsidiary offices as well as employ 
ic representatives, resident or at large. 

The Board of Trustees of the Foundation, which will be responsible for 
- with the Governments, will consist of representatives of the 
ronments, preferably scientists. The endowment fund of the Foundation will 
ed in the name of the Board of Trustees. 

There will be an Executive Council of the Foundation, which wil! consist 
ntists of eminence from the Muslim countries. The first Council and its 
an (who will also be the Chief Executive of the Foundation) will be 
‘ed by the Board of Trustees for a five-year term. This Council will decide 
Foundation’s scientific policies, the expenditures of the funds, their 
ent and their administration. The work of the Foundation and the 
e Council wiil be free from political interference. The Board of 
ces, through the statutes, wit be charged with the responniviity of ensuring 


The Foundation will have the legal status of a registered non-profit 


ng body and will have a tax-free status both in respects of its endowments 
as emoluments of its staff. 

he Foundation will build wp links with the United Nations, UNESCO and 
d Nations University system, with the status of a Non-Governmental 
tion (NGO). 


nancing of the. Foundation 

is envisaged that the sponsoring countries would pledge themselves to 
‘the endowment fund of $1,000 million in four yearly installments. 

The proportion of the endowment fund to be contributed by each 
ig country will be a fixed fraction of the export earning of the country. 
2 schedule of éxport earning for the Muslim countries is appended [in 
ginal document]. In future years, these earnings are expected to increase. 
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However, even at the 1972 level of 25 billion dollars per year, a contributi 
less than one percent per country per year would suffice to build up the 
endowment capital of one billion dollars over four years. 

July: 


Note added in 1985 

This memorandum was written in the economic climate of 1973, bef 
first rise in oil prices. If I were writing this today, I would not be conten 
one Ford-size Foundation. On standard norms, the Islamic world — indi 
countries, as well as collectively — needs and deserves fifty indepe 
foundations for Science, Technology and Science Education. This is béc: 
the twelve intervening years, the GNP of Islamic countries has risen man 
And let me say this emphatically. Even today, even after the recent dro 
prices, we are not so poor as not to afford outlays on Sciences of an order 
the rest of the world routinely makes. 

Regarding our collective responsibility towards the Ummah, on th Dp 
Reckoning — in this world and hereafter — nations, as well as indi 
(bankers, financiers, merchants, ministers, industrialists, all of those desig 
as matar fiha in the Holy Book), will surely be questioned and judged 
uses they made of what Allah has bestowed on them. 

“Our Lord, condemn us not if we forget or fall into error; on Lord 
on us a burden like that which You didst lay on those before us.’ 
(ALl-Qur’an, 2: 286) # 


soft Na & Bi: 


33. Salam lecturing at the Public Library, Lahore 
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Nations University 


arch 1970 issue of the Bulletin, | wrote about the creation of a world 
nce then, events have moved with rapidity, and it appears that a 
international university, under UN auspices, is likely to start 
, possibly in 1974. I am writing this note to bring the readers of the 
1p to date in respect to the progress of this project, hoping that the 
emic community will take note and influence the shape of the 
1 the process of being created. 


ea of creating an international university under UN auspices was put 
ormaily by U Thant in September 1969, in the introduction to his 
rt on the work of the United Nations. Between then and December 
idea was sharpened and defined by panels of experts and discussed by 
s legislative organs of the UN family, including the Economic and 
Council (ECOSOC), the UN Educational, Scientific and Cultural 
ion (UNESCO), and the UN Institute for Training and Research 
AR). On December 11, 1972, the General Assembly of the United Nations 
resolution whose operative paragraphs read as follows. 


eneral Assembly 

ecides to establish an international university under the auspices of the 
tions to be known as the United Nations University; 

cides that the United Nations University should be guided, inter-alia, 
ollowing objectives and principles: 

. The concept of the University should be that of a system of academic 
itutions and not of an inter-governmental organization; [...] 

. Binding guarantees, under law, of academic freedom and autonomy 
uld be written into the charter of the University; 

. Selection procedures should be established so as to ensure the highest 
tellectual and moral quality of the personnel of the University; 

. The structure of the University should consist of a programming and 
dinating central organ and a decentralized system of affiliated 
ons, integrated into the world university community, devoted to action- 


First published in The Bulletin of the Atomic Scientists, September 
73, pp. 41, 56, 
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oriented research into the pressing global problems of human s 
development and welfare that are the concern of the United Nations ai 
agencies, and to the post-graduate training of young scholars and res 
workers for the benefit of the world community; 

f. The research program of the institutions of the University s 
include, among other matters, coexistence between peoples of differing cul 
tongues and social systems, peaceful relations between States ant 
maintenance of peace and security, human rights, economic and social 
and development, the environment and the proper use of resources 
scientific research and the application of the results of science and techno 
the interests of development; . 

g. Capital costs and recurrent costs should be met from vo 
contributions for the University, made: i) directly by Governments or thro 
United Nations, the specialized agencies or the International Atomic: E 
Agency; ii) by non-governmental sources including foundations, universi 
individuals, 


The University should also be authorized to receive assistanc 
projects, particularly fellowships, from the United Nations, the s 
agencies, the International Atomic Energy Agency and other inter-goverl 
organizations; [...] : 


The General Assembly further requested the Secretary-General to esti 
Founding Committee of twenty experts drawn from different disciplin 
countries to draft the charter of the United Nations University. S 

The committee, chaired by Dr. Andrew Cordier of Columbia U 
New York, has met.in one session in New York held between March 2° 
1973. It concluded its work in a second session held during June 1973 
The Secretary-General was also asked by the General Assembly to con 


efforts for raising the necessary funds in order to permit the launching 
university at the earliest possible date. 


As can be seen from the General Assembly resolution, structural 


university is to be a decentralized system, consisting of postgraduate in 
in different parts of the world, undertaking, first, interdisciplinary s 
major global issues of concern to mankind and, second, advanced trai 
research in basic and applied sciences particularly with the needs of de 
countries in view. The work of these units would be coordinated by 
programming and coordinating unit. In addition, the United Nations U: 
system would endeavor to stimulate the thinking and efforts of exi 
institutions of higher learning in various parts of the world to the objec 


the United Nations charter and to link these efforts in a systematic way 
efforts of the United Nations family. 
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1 his opening statement to the Founding Committee, Secretary-General Kurt 
dheim emphasized: 

Dissemination of knowledge, exchange of academic personnel, and the 
generation of catalytic ideas would constitute the central functions of the 
University. Consequently, most of the scholars may be expected to participate in 
the network’s activities in a rotational, rather than permanent basis. It is felt that 
the problem of the “brain drain” which afflicts many of the developing countries, 
will be at least partially alleviated when the scholars keep their positions at their 
national universities and research centres and visit units of the United Nations 
University periodically in a system of “dual appointments”. 


ince the United Nations is a very poorly endowed organization, mainly due 
he parsimony of the big powers, and since the Secretary-General has been 
fically requested to raise funds for the UN University system (outside of the 
regular budget), the response to his request from member States to make 
; for the creation of units in their own countries is the crucial element in 
ing the system into existence. Fortunately, a number of countries have 
sed strong interest in sponsoring and financing units in different 
plines: Japan, Canada, Italy, Germany, France and Austria as well as a 
yer of developing countries around the world. 


ere is need of national committees of scholars to be created in each 
puntry. These committees, in cooperation with their national UN 
entatives, could help in the definition and the realization of this great 
ct. 
‘wo major functions which such committecs could perform at this stage are: 
); They could help to stimulate offers from their national governments 
ding units of the proposed university to be located within their countries. 
). They could help in creating mechanisms to link effectively the national 
mic and university systems with the international system proposed. 5 


Bh UNITES NATIONS 
UNIVERSITY 


35. Andrew Cordier 
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A World Federation of 
Institutes of Advanced Study 


A number of groups have been working independently towards the proj 
setting up one or more world universities. That this is of importance i 
context of the international future of mankind goes without saying. That at 
one university did not come into existence at the same time as the U 
Nations organization did in 1945 is something of which the world’s aca 
community cannot feel proud. Recognizing this, at its twenty-fourth sessi 
1969, the General Assembly of the United Nations adopted the resolutio 
(XXIV) inviting the Secretary-General to undertake a comprehensive 
study on the feasibility of an international university. In introducing this w 
sponsored resolution, it was stated that “the establishment of an intern 
university would satisfy the aspirations which were becoming apparen 
parts of the world and it would fulfill an obvious need.” 


There are at least four reasons for this universal interest in the settin 
one or more international world universities: 

1) The idealistic reason — international understanding. There 
instrument more potent in bringing an appreciation of different — a 
national — points of view than the atmosphere of an international universit 

2) Global studies. Within the context of such a university there 
possibility of growth of international studies on global subjects 
international development, international economies, global enviro 
disarmament and the like. 

3) Contacts of scholars. Human knowledge transcends national bound 
To a scholar interested even in his narrow specialty, there is nothing m 
valuable than the possibility of free contact with his peers from all cou 
well-constituted world university may resolve the present political difficultt 
achieving such contacts. . 

4) Access to specialized knowledge for scholars from developing co 
In the past, when scholars and scientists have worried about internat: 
contacts, they have tended to feel concern about East and West contacts 6: 


First published in the Journal of the National Science Council 6 
Lanka, 1:7-17 (4973). 
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One tends to forget the needs for contact of students and scholars from 
oping countries with their peers from developed countries. Opportunities 
uch contacts do not exist — not for political reasons, but because of 
mic factors. A world university, representing East, West and the Third 
is less likely to forget the needs of these students and scholars and more 
to afford them access to academic, scientific and technical areas at present 
xclusive preserve of the richer countries. The developing countries fully 
nize that a truly international university — preferably under the UN auspices 
ie one real guarantee for their scholars to receive their share — as of right — 
acilities and resources of the international institutions to be created. 


esponse to the General Assembly resolution a study has been carried out 
half of the Secretary-General. This study suggests the setting up of a set of 
raduate international institutions within the United Nations family — fo be 
LUN International Universities — with two objectives: 

“To enable scholars from all parts of the world jointly to study, research 
reflect on the principles, moral imperatives, objectives, purposes, 
ectives and needs of the UN system in the light of its fundamental laws and 
oping accords, declarations, resolutions and programs.” 

) “Secondly, to undertake a continuing and widely-based international 
arly effort of study and research, directed in consonance with Charter 
ations towards social, economic and cultural progress through co-operation 
ig nations and peoples. The universities would achieve these ends through 
asizing ... relevant international studies, largely inter-disciplinary, of wide 
enerally global significance.” 


t is clear that the objectives of this particular response to the General 
mbly resolution are limited to the special global studies related to global 
lems. This is not going to be a traditional university pursuing the traditional 
: of subjects, but a specialized institute or set of institutes. 


ommendable as this response is, it falls short of the aspirations of at least 
of the communities, which have supported world university projects. By and 
‘both these communities have had in mind the traditional range of academic 
plines, in addition to global studies. The two communities are: 

1) Academic scholars and scientists in East and West who desire in their 
tional disciplines more contacts with each other. 

) Developing countries who look upon the world university idea as the one 
by which they can secure entry for their students and scholars into the 
ged intellectual, scientific and technological club on terms of equality. 
vithstanding the fact that no stated bar operates against anyone from a 
loping country pursuing advanced studies and research at any of the world’s 
t institutes, in practice the economic and other factors do operate in such a 
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manner that at least the scientific and technological gap between the poor an 
rich countries grows ever wider. The developing countries look upon the 
university project as a means to bridge this gap. 


From this it would seem that nothing short of one or more full-fledged 
universities in traditional disciplines — at least for post-graduate scientifi 
technological studies — will satisfy these two groups. 


Unfortunately, to develop full-fledged universities — and particularly 1 
UN sponsorships — is not all that easy. One does not have to recoun 
difficulties, which are likely to be met. Since the sums of money involve 
large, it is out of the question that the United Nations Organization — even 
the generous support of the World Bank — could finance such a venture. It is 
unclear if one could get a number of the richer countries passionately inter 
in a project of this type and ready to back it. There are too many casu 
among proposed international or regional institutions in the academic. 
already not to give one great hopes of success, unless one proceeds in a grad) 
manner. Further, the choice of location of such a world university in one co! 
in preference to another will always present difficulties. Even the choi 
faculties to develop first is not going to be all that plain sailing. 


One way to circumvent the difficulty of creating new institutes, and y 
achieve at least partly some of the objectives listed above, is to take advanta 
existing centers of excellence and quality which would like to disch: 
international functions and to link such centers with the UN institutio 
global studies proposed by the Secretary-General, the whole making 
beginning of a world university. 


This note then is concerned with a world university idea emerging grad 
from an amalgam of the UN institutes together with existing centers of adva 
studies linked in a federation. In the first instance the emphasis is on’ 
graduate research and training for research. Later devélopment of the ide 
envisage undergraduate studies and the corresponding institutions. 

Let us consider the various stages of the post-graduate plan. The impo 
point we wish to make is that every part of the plan has merits of its 
irrespective of whether the later stages follow or not. The first stage is 
identification of such existing institutions, which already operate substa 
international programs. There is around the world no dearth of institution 
quality which are to a lesser or larger degree international in character 
though their original charters do not specify this. The idea would be to: 
them even more consciously so. The hope is that a voluntary federation w: 
help in this: at the least in defining norms and making it possible to. s 
experience; at the best in raising new funds for the international operation 
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gcond part of the plan, and if this federation so chooses, a UN charter could be 

epted and a formal link established with the UN Institution on Global 
blems proposed by the Sccretary-General. The centers constituting the 
ration and conveying traditional disciplines together with the Secretary- 
‘al’s UN University on Global Problems, would make a complementary 
le — the beginning of a world university. 

uch centers as should belong to the proposed federation must satisfy certain 
ia. For example, such centers must possess the highest rating of quality; 
must possess — to a lesser or greater degree — an international faculty of 
and research fellows; they must agree to spend a minimum proportion (to be 
, perhaps between 15-25%) of their resources and their facilities towards 
ring the work of high-grade scholars from developing countries. 
o illustrate the working of one such center, one may perhaps cite the 
ple of the International Centre for Theoretical Physics at Trieste, Italy. This 
is not typical because the institute is financed and run by two of the United 
ms Agencies, but it does provide an example of the type of international 
mic faculty in actual operation. The Centre was set up under the auspices 
e International Atomic Energy Agency (IAEA) with the co-operation (and 
1970 equal participation) of the United Nations Educational, Scientific and 
ral Organization (UNESCO). The Centre is devoted to imparting training 
d conducting research in all disciplines of theoretical physics at the highest 
It draws its scientific faculty (consisting mainly of visitors) and research 
ws from (theoretically one hundred but in practice) some fifty countries of 
ast, West and the third world. Some 50% of its facilities and junior and 
1 research positions are reserved for scientists from developing countries. A 
que feature is that the Centre offers dual appointments to active senior 
etical physicists from developing countries. Such appointments are held for 
ds of three to five years; the scholar spends the bulk of his time — about 
months of the year — in his own country, and the remaining three months of 
ty year in Trieste. In addition, the Centre has built up federation links with 
twenty research institutes in various countries - on a cost-sharing basis — 
h afford mobility of their staffs and research fellows. On the East-West co- 
tion side, as a UN-sponsored organization, the Centre plays an absolutely 
que role: it is one of the few places in the world where physicists in subjects 
nsitive as plasma research from the East and West meet regularly and for 
‘longed périod (quarters or years) and with no national pride or sensitivities 
ibiting scientific concourse. 


he proposed World Federation of International Institutes of Advanced 
dy would include centers with already a large international program or 
ous of starting one. The institutes which would join this federation may 
ate schemes of dual appointments and federation with corresponding centers 
in developed and developing countries. From informal contacts one knows 


‘ 
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that a number of institutes in the USA, the USSR, Great Britain, Franc 
other countries are extremely desirous of widening their faculties internati 
to share staffs and visitors with others in the same disciplines and, thro 
strength given to their international programs by the fact of belonging to: 
federation, be obliged to throw their doors even more widely open to sc 
from developing countries. = 


Why should a federation be created of institutes in diverse subjects? 
advantages could come to the members of the proposed federation? Shoul 
independent institutes as well as institutes within national universities | 
should be invited to join? What about the financing of the internati 
programs? And the links to the UN family? 


In answering these questions, one has to ask if the federation could bi 
stronger in any way in carrying out the international aspects of its program 
any one of its component unit. Would, for example, the Trieste Centre g¢ 
benefit by being federated in a sort of loose link with the Institute for Adv 
Study at Princeton, or the Salk Institute for Biological Studies? 

In our opinion, the answer to the last question is an affirmative ‘ ‘yes? 
fact that a federation exists is likely to have important repercussions: 

1) To get the general idea of international staffs and international 
facilities of scientific institutes accepted in a more “official” manner b 
governing bodies of the institutes. : 

2) To secure a mobility of high-grade scientific personnel. Hopefully, 
may emerge a UN Laissez Passer for academic personnel to travel freely, ai 
between the federating institutes, if the UN did not get involved wi 
federation idea. 

3) A commitment in respect of scholars from developing countrie: 
federation to which a fair number of reputable institutions belong wou 
much further in organizing and getting accepted common standards 
committing of a certain percentage of resources to helping scholars: fro 
developing countries, and to scholars from countries with different polit 
systems, is a new idea. Many institutes do set aside certain sums but there i 
coherent policy about this. We are hoping that belonging to a federation w 
provide a visibility to these efforts and a better focus. ; 

4) If we envisage that institutes from developing countries would also bel 
to such a federation, these institutes will in many cases have to raise | 
standards in order to qualify to jom. This type of pressure would be an excel 
tonic for them, and make the tasks of those running these institutes vis-a-vis t 
own governing councils — and their Governments — somewhat easier. 

5) In respect of the question raised, whether it should be indepen 
institutes which should federate or those located within universities, one sh 
keep an open mind. In every case the permission of the governing bodies of 
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ites would be needed. I believe this is easier for independent institutions. 
je. present we may envisage only such institutes being invited, but the 
should be dealt with pragmatically. 

The question of financing international programs is a difficult one. It is 
tely envisaged that in the first instance the members of the federation 
1 find funds from their own sources for this. Later, collective action may 
extra funding from outside — even from UN sources. 

) A first list of possible independent or semi-independent institutes which 
consider forming initial memberships of the federation is suggested ... It is 
sted that a preliminary meeting of Directors of these institutes be held to 
ceptance of the ideas in this note. 


‘ote added in November 1972: 

his memorandum was circulated in 1970 in a mimeographed form. The late 
fessor Arne Tiselius, President of the Nobel Foundation took up the ideas and at 
fo Serbelloni meetings held during 1971 and early 1972, the idea of an International 
ederation of Institutes of Advanced Study was hammered out. 

tis Federation, consisting at present of twenty-four Institutes, was inaugurated at a 
eeting at Trieste during October 1972. Its offices are located in the Nobel 
oundation House, Stockholm. Its Chairman is Nils Stahle and its Secretary is Sam 
isson, 
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Ideals and Realities 


The short-term crisis the world faces is simply this. The developing v 
some nine-tenths of humanity ~— is bankrupt. We, the poor, owe the rich: 
tenth of mankind — some $50 billion. The poorest amongst us cannot eve 
the interest on the money we borrowed, much less find the $10 billio 
collectively need to import ten million tons of cereals every year 
ourselves. My own country, Pakistan, owes some $6 billion, which is 
equal to Pakistan’s gross national product for one year or roughly equal. 
export earnings for six years. Recently, London’s prestigious Econo 
magazine starkly said, “The poorest among the poor who can neither. 
more nor draw on reserves will cut on their imports — their people will: 
starve.” 

But this short-term crisis is only part of a longer-term crisis. Our wo 
terribly unbalanced in income and in consumption. At least three-quarters 
world’s income, three-quarters of its investment, its services and almost al 
world’s research are concentrated in the hands of one-quarter of its peopl 
one-quarter consumes 78 percent of the world’s minerals, and for arm 
alone, as much as the rest of the world combined. In 1970, the world’s ri 
one billion people earned an income of $3,000 per person per year; the wa 
poorest one billion, no more than $100 each. And the awful part of it is that th 
is absolutely nothing in sight — no mechanism whatsoever — which can sto 
disparity. 

Development in the traditional pattern, the market economics, is expe 
increase the $100 per capita of the poor to $103 by 1980, while the $3,0 


~~ First published in The Bulletin of the Atomic Scientists, September 1976 
pp. 9-15. This article is based, in part, on a speech Dr. Salam presented in. 

1975 to students at the University of Stockholm. A special session of the UN: 
General Assembly had been convened in August and September 1975 to ° 
discuss the global crisis of the continuing and near-permanent disparity 
between the rich and the desperately poor — and the demand of the poor 
nations for a new international economic order — and Dr. Salam wrote this 
personal note for the Swedish students just after the session concluded. In it, 
he discusses ~ from the point of view of the developing countries — the cris 
which led to the UN session 
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ned by the rich will increase to $4,000: an increase of $3 for the world’s 
rest and $1,000 for the world’s richest during the entire decade. 

-No wonder the poor nations consider visions of any growth and development 
gh the traditional economic system a vicious fraud. This is the system 
ich in the last twenty years created liquidity and credits of $120 billion, but 
cated just five percent of these to the poor nations. This is the system which 
$200 billion for world commodities, but only one-sixth of this reaches the 
mary producer himself; the rest, five-sixths, goes to the distributor and the 
idleman in the rich nations. This is the system which gave $7 billion in aid 
t year to the poor but took away almost exactly the same amount from the 
in depressed commodity prices. No wonder they are demanding in Omar 
layyam’s words: 

Ah, Love! Could thou and I with Pate conspire, 

To grasp this sorry Scheme of Things entire, 

Would we not shatter it to bits — and then 

Re-mould it nearer to the Heart’s Desire! 


ver the past three to four years, some of the brighter young economists of 
hird World countries, Brazil, Mexico, Algeria, and Pakistan, as well as 
of the most distinguished figures in world economics, have been groping 
vard a new synthesis of development and outer limits of growth. I am ashamed 
my own profession, physics, for there were no scientists or technologists 
iated with this team. It is this new synthesis — embodied in the so-called 
yoc and Rio Declarations — which formed the basis of the Resolution on a 
aration on Establishment of a New International Economic Order that was 
ted in 1974 by the sixth special session of the UN Assembly. The 1975 
al session of the Assembly was convened to put some teeth into the Charter 
onomic Rights promulgated by the UN Assembly in 1974. 

Among the poor these declarations have been likened to the great 
arations of “The Rights of Man” in the 18th century by Tom Paine and the 
ymmunist Manifesto of the 19th century. What the establishments in the richer 
untries really think of the new International Economic Order is hard to fathom. 
reaction in 1974 is probably typified by the words of one of the delegates 
_the richer nations to the United Nations referred to the “shadow world of 
wic” and to “the drawback of so many short-lived resolutions, each longer 
the last, one a repetition of the other, virtually unreadable.” In 1975, though 
esponse was still not outright commitment, Dr. Kissinger did present to the 
mbly, on behalf of the richer nations, a welcome package of cooperative 
§, joint institutes and aid initiatives. What is needed, however, is not just 
the foreign and finance ministries of the developed countries should respond 


ie demands of the poor; but that the intellectuals and the general public 
Id become aware of these demands and truly comprehend them. 
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In this spirit, I shall try to convey to you how a humble natural scienti 
a developing country views the global crisis of the disparity between the ri 
poor. 


To understand the psychological thinking of the poorer nations, yo 
understand how recent this disparity is in our view. It is good to recall th 
centuries ago, around the year 1660, two of the greatest monuments of: 
history were erected, one in the West and one in the East: St. Paul’s Cathe 
London and the Taj Mahal in Agra. Between them, the two symbolize, 
better than words can describe, the comparative level of archit 
technology, the comparative level of craftsmanship and the comparative | 
affluence and sophistication the two cultures had attained at that ep 
history. 


But about the same time there was also created — and this time only 
West — a third monument, a monument still greater in its eventual imp 
humanity. This was Newton’s Principia, published in 1687, Newton's work 
no counterpart in the India of the Mughals. I would like to describe the: 
the technology which built the Taj Mahal when it came into contact w 
culture and technology symbolized by the Principia of Newton. | 

The first impact came in 1757. Some one hundred years after the buil 
the Taj Mahal, the superior firepower of Robert Clive’s small arms had 
a humiliating defeat on the descendants of Shah Jahan. A hundred y 
still — in 1857 — the last of the Mughals had been forced to relinquish th 
of Delhi to Queen Victoria. With him there passed away not only an emp 
also a whole tradition in art, technology, culture and learning. By 1857, 
had supplanted Persian as the language of Indian state and learning. Shak 
and Milton had replaced the love lyrics of Hafiz and Omar Khayyam in 
curricula, the medical canons of Avicenna had been forgotten and the 
muslin making in Dhaka had been destroyed, making way for the cotton pi 
Lancashire. 


The next one hundred years of India’s history were a chronicle o 
subtly benevolent exploitation. [ shall not speak of this, but only of the scie 
and technological milieu I was brought up in as a young man in British | 
The British set up something like thirty-one liberal high schools and arts c 
in what is now Pakistan but, for a population then approaching fort 
people, just one college of engineering and one college of agricultur 
results of these policies could have been foreseen. The chemical revolu 
fertilizers and pesticides in agriculture touched us not. The manufacturinj 
went into complete oblivion. Even a steel plough had to be imported 
England. It was in this milieu that I started research and teaching in ‘1 
physics some twenty-five years ago at Lahore, in the University of the Punjal 
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Pakistan had then just won its independence after one hundred years of 
ish rule. We then had a per capita income of $80 a year, a literacy rate of 20 
ent, a population growing at 3 percent a year and an irrigation system for 
culture which was breaking down. There was no social security and there 
high child mortality; only five children out of twelve lived beyond one year. 
hild, a male child, was the only social security for old age one could budget 
making high birth rate imperative. 
Pakistan, very willingly, agreed to become part of the free world economic 
. We were relieved of worries of needing to grow more food for an 
easing population. The US surpluses of wheat, under PL 480, gratefully 
e, at first in such abundance that one of our finance ministers spoke of 
ailing wheat cropping by law in Pakistan to encourage tobacco growing 
ead. We imported highly talented development planners from Harvard 
versity. They told us we did not need to put up a steel industry; we could buy 
amount from Pittsburgh. We leased out our oil imports and even the 
ribution of petroleum products within the country to multinationals who 
ducted, in that age of oil surpluses, a half-hearted search for it. 
Pakistan was thus a classic case of a post-colonial economy; political 
lage became economic tutelage. In the scheme of things, we were to provide 
ap commodities — principally jute, tea, cotton, raw unprocessed leather. It 
; in 1956 that I remember hearing for the first time of the scandal of 
modity prices — of a continuous downward trend in the prices of what we 
duced while the industrial prices of goods we imported went inexorably up as 
onsequence of the welfare and security policies the developed countries had 
tituted within their own societies. All this was called market economics. 
en we did build up manufacturing industries with expensively imported 
chinery (for example, for the production of cotton cloth), stiff tariff barriers 
‘e raised against these imports from us. With our cheaper labor, we were 
used of unfair practices. 
Of indigenous science and technology, or indeed of any technological 
power development, there was neither need nor appreciation nor any role for 
Any technology we needed, we bought. It came hedged with all types of 
rictions. For example, no product which used this technology could be 
orted. And in any case, not all technology was for sale. Pakistan, for 
mple, could not buy the technology of penicillin manufacture in 1955. My 
ther, together with a few other young chemists from Pakistan, reinvented the 
cess, producing, as a result of their inexperience, penicillin at sixteen times 
world price. 
In the early 1950s, I looked upon my future in contributing to Pakistan’s 
ance in technology and development as being non-existent. I could help my 
ntry in only one way, as a good teacher. I could produce more physicists, 
0 for lack of any industry, would either become teachers themselves or leave 
country. 
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But soon it became clear to me that even this role, that of a good te 
would increasingly become impossible for me to maintain. In that ex 
isolation at Lahore, where no physics literature ever penetrated, wi 
international contacts whatsoever, and with no other theoretical physi 
around in the whole country, I was a total misfit. I knew that all alone Ih 
hope of changing the value of science and technology in Pakistan. There w 
one recourse for me and that was to become engaged in the internati 
scientific community. 


My first opportunity to play a minor role in science and international afi 
came in 1955 with the Atoms for Peace Conference held in Geneva. This w. 
first scientific conference held under UN auspices; the first conference at 
the then existing secrecy between the East and West regarding nuclear fi 
even over such information as neutron scattering cross-sections, wa 
lifted. Atomic plenty — energy, isotope applications, new and revolut 
genetic varieties of crops — for the world was promised. 

This was my first introduction to the United Nations. I remember. eni 
that holy edifice in New York in June 1955 and falling in love with all th 
organization represented — the Family of Man, in all its hues, its div 
brought together for Peace and Betterment. It seemed to me then that any i 
had of helping physics in Pakistan and in the developing countries 
implemented through the United Nations. I did not realize then how we 
organization it was, how fragile, and how frustrating in its inaction. M 
decade in the world of science and international affairs, albeit in a very hu: 
way, was thus a decade of innocence and hope; the second decade was to: 
of growing frustration and a feeling of the hopelessness of it all. 

My first disenchantment with the establishments representing their count 
in the United Nations came in 1962 when Dag Hammarskjold calte 
conference to be held on science and technology. He had a visi 
transforming the developing world through science and technology. I hi 
privilege of a long interview with Dag Hammarskjold — the only time I me 
— during which he shared with me his semi-mystical reverence for what sc 
and technology could achieve for the poor if applied meaningfully. : 

Dag Hammarskjold clearly recognized that what was needed firs 
foremost was investment, even if relevant technology was available. Much mi 
than even the leaders of the developing world, he recognized that i 
important to establish an indigenous scientific capacity in developing count 
for research and development. This was needed, at the very least, to achie 
awareness of the significant developments of world science and technolog' 
awareness that would enable a country to select and negotiate the purchas 
ensure the effective assimilation of the technology which its economic and 
objective required. 
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Dag Hammarskjold recognized that it is not just know-how which the 
eloping countries need; it is also the know-why if technological development 
to be a graft which should take in the poorer world. 


The conference proposed by Dag Hammarskjold was held in 1963, 
srtunately after his tragic death. We, from the developing countries, proposed 
reation of a World Science and Technology Agency - a technical 
elopment authority — backed by an international bank for technological 
clopment. Besides strengthening indigenous science in developing countries, 

authority would act as a planning and programming body which would carty 
feasibility studies, devise programs and arrange their implementation. Being 
N organization it would associate with its work and give maturity to local 
ntific and technological organizations and talent, giving them training and 
mate knowledge of the complex new techniques. Its very existence would 
emphasized what the planning economist so often forgets: that the modern 
Id and its problems are a creation of modern science and technology. 

We proposed this; we lobbied for this: But we met with a complete blank 
of incomprehension, or worse, on the part of the delegates from the 
trialized countries. By and large they opposed the idea of any such thing as 
Vorid Science and Technology Agency. It seemed they preferred that the 
ntific and technological effort of the United Nations remain weak and 
mented within the system. There appeared to be no desire on the part of the 
sgates from the industrialized nations to share technology with the developing 
‘ld, except through the existing system of licensing. 

e net legacy of this conference was the creation of an eighteen-man 
Visory Committee on Science and Technology. We met twice a year for 
n years. After eleven years labor, we have recommended yet another UN 
iference on Science and Technology, which is to be held in 1978, to meet and 
the same World Science and Technology Development Agency we 
posed fifteen years ago. However, this time we will probably get it, because 
issinger gave the proposed conference his blessing in 1975. . 


had met the same blank wall, the same incomprehension, when the idea of a 
etical physics center was first presented to the International Atomic Energy 
ency (IAEA). The idea of the creation of such a center was particularly 
omprehensible to some of the countries where theoretical physics flourishes. 
ct, one delegate went so far as to say: “Theoretical physics is the Rolls 
yce of sciences. What the developing countries want is nothing more than 
lock carts.” To him a community of twenty-five physicists and fifteen 
ematicians trained at a high level for a country, say, like Pakistan was 
y forty men wasted. That these men would be responsible for all norms and 
andards in the entire spectrum of education in physics and mathematics in 
tan was totally irrelevant. He was an economist, who could fully 
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understand that we needed more high-level economists; but paysiey 
mathematicians — that was a wasteful luxury. 


Tn 1964, when the IAEA did agree to the physics center, its Board vot 
sum of $55,000 to create the International Centre for Theoretical: | 
Fortunately, the government of Italy came through with an annual g 
$350,000 and the center was set up in Trieste, Italy, and started opera 
1964. It is now co-sponsored by IAEA and UNESCO, together with 
Development Program, and both now contribute about $250,000 eac. 
Centre continues to receive the annual grant from the Italian governmen 

also received a grant of $100,000 from the Swedish International Develop 
Agency. 

During the twelve years of its existence the Centre has received som 
senior physicists from ninety countries - 4,000 of them from ; 
developing countries. It has truly created something of a revolution so-far 
studies of physics are concerned in the developing world. Over the year. 
tended more and more to emphasize technology transfer in physics. Ii 
have particularly been helped by a Solid State Committee headed by J. Zima 
Bristol and S, Lundqvist of Chalmers in Gothenburg. Last year we inaugu 
the first three-month course on the physics of oceans and atmosphere, whi 
attended by some sixty senior physicists, metcorologists and ocean 
from some thirty developing countries. 

The Centre, however, still remains unique — the one, isolated cente 
kind in the entire spectrum of advanced scientific knowledge within me U 
Nations family. 


It was in 1963 though that the disillusionment with the existing interna 
order came fast, the beginning also of my second decade in the world of sc 
and international affairs. President Kennedy, who, rightly or wro 
symbolized liberal aspirations — and world development — was assas 
Then, around 1968, came the student revolts and the realization tha 
environment was being wrecked. 

I felt then, and still feel, that the developing world lost a great moment, 
great potential alliance, a great potential source of strength when the prote 
energy of world youth concentrated on the one issue of environment and did 
espouse at the same time the more embracing cause of world development. 

In between these years came the repeated failures of the UN Conferen 
Trade and Development (UNCTAD) proposals to redress the relatively 
falling commodity prices. It is good to be reminded today that the pri 
petroleum fell decisively between 1950 and 1970 -- down to $1 a.b 
stimulating a growth in energy use of betwcen 6 percent to 11 percent. 

The reception of UNCTAD’s proposals — its fervent appeals for. 
stability and indexing of commodity prices — were received with derisory. 
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the influential London Economist stated in its August 30, 1975, 
ve of a UN conference: “fhe notion that the price of each 
can: be tied, not to the demand for it, but to the average rise in the 
ctured goods, is a proposal to try to repeal, by some conference 
ws of Supply and Demand. The industrial countries should simply 
ssions to this proposal.” 

a a year which saw the index of manufactures prices go up to one 
forty, while the commodity price index hovered around one 
fourteen. Thus, in this one year alone, the poor have subsidized the 
omies of the rich to the extent of 26 percent of their earnings. 

came the great UN Conference on the Human Environment in 
was significant not just for pinpointing that the environment was 
1 and that some countries were contributing more than their fair 
| wrecking it. Even more important, it thrust into prominence the 
ce of the human community in solving the issues raised. 

came also the Club of Rome report The Limits to Growth, with its 
orld resources are finite and simply could not sustain infinite growth 
ized economies. It is not well known that the poor countries had 
harp reminder of this — as early as mid-1972 — in the form of a 
doubling of the price of wheat. This happened because of a crop 
- USSR which forced the Soviets to buy thirty million tons of grain, 
xhausting the world grain reserves. 

yas’ one of the contributory causes of the threefold increases in oil 
owed by yet another doubling of grain prices. Add to this the waning 
source transfers of foreign aid programs (the one collective commitment 
estern countries) and you can understand the origins of the short-term 
‘inancial bankruptcy of the desperately poor nations. 

s of foreign aid, the seventeen richest nations allocated 0.3 percent 
SS national products to overseas development in 1974, compared with 
in 1960. While Sweden generously earmarked 0.72 percent, the 
igdom and the United States provided 0.30 percent and 0.25 percent, 

.The World Bank estimates that by 1980 the average of the 
countries will be: 0.28 percent and the United States, 0.18 percent. 

s with the US contribution of 2.79 percent of GNP at the beginning 
shall Plan. 

stries in rich countries usually dismiss as dnnealistic the United Nations’ 

allocating 0.7 percent of their GNP to aid. Yet this target could 
e reached in the second half of this decade if the rich nations merely 
‘percent of the increased wealth — the $1,000 per capita growth J 
‘above — which is expected to accrue in these nations in the next few 
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Realizing these stark facts, and realizing that the developed we 
unlikely to produce a Messiah — or even a Keynes, who would preach 
justice between nation and nation — the developing countries decided in 
use the forum of the United Nations for calling for a New Inte 
Economic Order. 

Given that the developed countries, by and large, have shown rei 
reluctance to initiate and support change, and that they have derived m 
their wealth from cheap resources and raw materials of the developing 'c 
and that they still refuse to give access to their markets to the Third Wi 
struggle of the Third World is now for economic liberation. The Thir 
wants greater equality of opportunity and the right to sit around the bar; 
tables as equals with a redistribution of future growth opportunities. 


The UN resolution on the New International Economic Order calls f 

® a commitment from mankind for the banishment of poy 
prevailing disparities; 

e a just and equitable relationship between prices of raw mate 
manufactured goods; . s 
access to the achievements of modern science and. nana. 
an end to wasteful consumption, particularly in sa cas to 
expenditure on armaments. 


Keeping in mind the above “demands” of the Third World, let us 
‘food and military expenditures in somewhat greater detail. 


Food. In November 1974, the United Nations convened a confer 
Rome on food. This conference adopted the following declaration::: 
decade no child will go to bed hungry and no family will fear for its‘n 
bread and no human being’s future will be stunted by malnutrition.” T 
this target a World Food Council was set up, with the minimu 
distributing ten million tons of grain a year as food aid, and of achievin 
3.6 percent increases per year in food production by poor countries thr 
international provision of agricultural inputs. " 

On June 29, 1975, the London Times reported that: “The Wi 
Council ended its inaugural meeting here in Rome at 2:00 a.m. yesterd: 
saved from being an obvious farce and a failure only by some quick face 
footwork by western diplomats. France, Germany, and Italy have so fa 
to endorse an increase in REC’s food aid from 1.3 million tons to f. 
tons. This was bitterly attacked in Rome, not the least by the United Ki 
which threatened to increase its own bilateral aid if the insensitivit 
partners continued. The commitment to ten million tons — even though \ 
of food aid levels of 1960 — me stil] not been reached.” 
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re areal absolute overall shortage of food in the world, which makes 
bution of this ten million tons impossible — with the inevitability of 
poor countries? The answer is NO. 

juld be emphasized again and again that the grain is physically 
‘It is simply being consumed by well fed people. Since 1965, the richer 
e added three hundred and fifty pounds per head to their annual diets, 
‘the form of beef and poultry. This was stimulated by a special pricing 
a time when US surpluses of food grains were running in excess of 
and by some sixty million tons a year, in spite of a curtailment in area 
- by one-half. This is very nearly the equivalent of an Indian’s total diet 
e year. 

will maintain that the industrialized countries were undernourished in 
cut in consumption, for example, the suggested equivalent of one 
ger a week, could provide all the grain needed to support a population as 
ne-third of the Indian subcontinent. 


nts and arms reduction. In 1973, the world military expenditure 
245 billion. This sum is one hundred and sixty-three times greater than 
nt on international cooperation for peace and development throughout 
stem (which stands at approximately $1.5 billion, excluding the World 
The superpowers spent 50 percent of the $245 billion while another 30 
as spent by military alliances. The share of the Third World also, 
nately, increased between 1955 to 1975 from 6 percent to 17 percent; we 
tirely blameless. 

vorld’s military expenditures are now greater than the GNP of all of 
d all of South Asia. During the two decades, the 1960s and 1970s, the 
litary expenditure was $4,000 billion, which is greater than all goods and 
produced by all mankind in one year. 

en we consider the situation with materials and men, the situation 
g military expenditures appears even grimmer. 

se to 7 percent of all raw materials in the richer countries are consumed 
rmament industry. ‘This includes oil, iron, tin, zinc, copper and bauxite. 

$ estimated that about fifty million people are employed for military 
s in armed forces and defense activities. Close to half a million scientists 
gineers -- almost half of the world’s scientific and technological 
er — are devoted to military research and development, costing between 
$25 billion. These sums represent 40 percent of all public and private 
ch and development expenditures appropriated by mankind. 

situation is clear. It is not the poor countries who jeopardize the global 
; it is the rich and their rivalries and their desire to hold monopoly 
power. 
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The demand for a New International Economic Order is a demand ofa 
minimum standard of living and of economic security for all citize 
deliberate policy of development and redistribution to achieve this. 
national level, the achievement of social and economic goals is not left e1 
to individual effort and initiative, but is prompted actively by the co 
efforts of the entire community. On the international level, the aspiration 
nations of the world in the social and economic sphere should be made é: 
achieve by a concentrated effort of the world community — by the Fa 
Man, acting as a whole. 0 


36. Co-recipients of the 1979 Nobel Prize for Physics 


Sheldon Glashow Abdus Salam 
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| Prize for Physics 1979: 
rpts from the Nobel Lecture, 
d, and Remarks at the Nobel Banquet 


Excerpts from Professor Abdus Salam’s Nobel Lecture: 
Gauge Unification of Fundamental Forces, 
December 8, 1979 


June 1938, Sir George Thomson, then Professor of Physics at Imperial 
London, delivered his 1937 Nobel Lecture. Speaking of Alfred Nobel, 
‘The idealism which permeated his character led him to ... [being] as 
concerned with helping science as a whole, as individual scientists. ... The 
h people under the leadership of the Royal Family and through the 
n of the Royal Academy of Sciences have made Nobel Prizes one of the 
auses of the growth of the prestige of science in the eyes of the world. ... 
iptent of Nobel’s generosity, I owe sincerest thanks to them as weil as to 


am sure I am echoing my colleagues’ feelings as well as my own, in 
ng what Sir George Thomson said — in respect to Nobel’s generosity and 
fltience on the growth of the prestige of science. Nowhere is this more true 
: the developing world. And it is in this context that I have been 
raged by the Permanent Secretary of the Academy —- Professor Carl Gustaf 
rd — to say a few words before I turn to the scientific part of my lecture. 

entific thought and its creation is the common and shared heritage of 
d. In this respect, the history of science, like the history of all civilization, 
me through cycles. Perhaps I can illustrate this with an actual example. 

even hundred and sixty years ago, a young Scotsman left his native glens to 
‘south to Toledo in Spain. His name was Michael, his goal to live and work 
once Arab Universities of Toledo and Cordova, where the greatest of 
h scholars, Musa ibn Maimun [Maimonides], had taught a generation 
; Michael reached Toledo in 1217 AD. Once in Toledo, Michael formed 
mbitious project of introducing Aristotle to Latin Europe, translating not 
the original Greek, which he knew not, but from the Arabic translation then 
ht in Spain. From Toledo, Michael traveled to Sicily, to the Court of 
ror Frederick IY, Visiting the medical school at Salerno, chartered by 
derick in 1231, Michael met the Danish physician, Henrik Harpestraeng — 
o become Court Physician of Eric IV Waldermarssén. Henrik had come to 
9 to compose his treatise on blood-letting and surgery. Henrik’s sources 
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were the medical canons of the great clinicians of Islam, Al-Razi and Avic 
which only Michael the Scot could translate for him. 
Toledo’s and Salerno’s schools, representing as they did the finest synt 


of Arabic, Greek, Latin, and Hebrew scholarship, were some of th 
memorable of international assays in scientific collaboration. To Tole 
Salerno came scholars not only from the rich countries of the East, like 
Egypt, Iran and Afghanistan, but also from developing lands of the W 
Scotland and Scandinavia. Then, as now, there were obstacles to 
intemational scientific concourse, with an economic and intellectual di 
between different parts of the world. Men like Michael the Scot or H 
Harpestraeng were singularities. They did not represent any flourishing sc! 
of research in their own countries. [...] 


After 1350, however the developing world loses out except fo 
occasional flash of scientific work, like that of Ulugh Beg — the gran 


Timurlane, in Samarqand in 1400 AD; or of Maharaja Jai Singh of Ja 
1720 — who corrected the serious errors of the then Western tables of ecli 
the sun and the moon by as much as six minutes of arc. As it was, Ja 
techniques were surpassed soon after with the development of the teles 
Europe. As a contemporary Indian chronicler wrote: “With him on the 
pyre, expired also all science in the East.” And this brings us to this: ce 
when the cycle begun by Michael the Scot turns full circle, and it is we 
developing world who turn westward for science. As Al-Kindi wrote 110 
ago: “It is fitting then for us not to be ashamed to acknowledge tru 
assimilate it from whatever source it comes to us. For him who scales th 
there is nothing of higher value than truth itself; it never cheapens nor 
him.” 


Ladies and Gentlemen, it is in the spirit of Al-Kindi that I start my: 
with a sincere expression of gratitude to the modern equivalents: 
Universities of Toledo and Cordova, which I have been privileged 
associated with — Cambridge, Imperial College, and the Centre at Triest 


I. Fundamental Particles, Fundamental Forces, 
and Gauge Unification 
The Nobel lectures this year are concerned with a set of ideas relevai 
gauge unification of the electromagnetic force with the weak nuclear 
These lectures, coincide nearly with the 100th anniversary of the d 
Maxwell, with whom the first unification of forces (electric with the ma 
matured and with whom gauge theories originated. They also nearly ¢ 
with the 100th anniversary of the birth of Einstein — ane man who gav 
vision of an ultimate unification of all forces. 
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deas of today started more than twenty years ago, as gleams in several 
ical eyes. They were brought to predictive maturity over a decade back. 
ey started to receive experimental confirmation some six years ago. 

some senses then, our story has a fairly long background in the past. In 
ecture I wish to examine some of the theoretical gleams of today and ask the 
n if. these may be the ideas to watch for maturity twenty years from now. 
1m time immemorial, man has desired to comprehend the complexity of 
in terms of as few elementary concepts as possible. Among his quests — in 
man’s words — has been the one for “wheels within wheels” — the task of 
al philosophy being to discover the innermost wheels if any such exist. A 
quest has concerned itself with the fundamental forces which make the 
go around and enmesh with one another. The greatness of gauge ideas — 
ge field theories — is that they reduce these two quests to just one; 
entary particles (described by _ relativistic quantum fields) are 
sentations of certain charge operators, corresponding to gravitational mass, 
flavor, color, electric charge, and the like, while the fundamental forces are 
orces of attraction or repulsion between these same charges. A third quest 
for a unification between the charges (and thus of the forces) by searching 
single entity, of which the various charges are components in the sense that 
-an be transformed one into the other. 

ut are all fundamental forces gauge forces? Can they be understood as 
in terms of charges — and their corresponding currents — only? And if they 
ow many charges? What unified entity are the charges components of? 
is the nature of the charge? Just as Einstein comprehended the nature of 
ational charge in terms of space-time curvature, can we comprehend the 
e of the other charges — the nature of the entire unified set, as a set, in terms 
mething equally profound? This briefly is the dream, much reinforced by 
erification of gauge theory predictions. But before I examine the new 
etical ideas for the future in this particular context, | would like your 
gence to range over a one-man, purely subjective, perspective in respect of 
evelopments of the last twenty years themselves. The point I wish to 
yhasize during this part of my talk was well made by G.P. Thomson in his 
7 Nobel Lecture. G.P. said: “... The goddess of learning is fabled to have 
ing full grown from the brain of Zeus, but it is seldom that a scientific 
ception is born in its final form, or owns a single parent. More often it is the 
duct of a series of minds, each in turn modifying the ideas of those that came 
ore, and providing material for those that come after.” [...]° 


e complete text of the Nobel Lecture is beyond the scope of the present volume. It is 
ly available in a number of publications on Dr. Abdus Salam. 
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Opening Address by Professor Sune Bergstrém, 
President of the Nobel Foundation, 
December 10, 1979 


Your Majesties, Your Royal Highnesses, Ladies and Gentlemen, : 

The Nobel Foundation takes special pleasure in welcoming you all, lai 
of 1979. You have delivered excellent lectures, but the many scientif 
personal contacts we have had with you have also been most stimulati 
pleasant. 

Alfred Nobel stipulates in his will that his Prize go to those w 
conferred the greatest benefit on mankind. 

The Nobel Prize in physics, chemistry, and medicine have often reco 
pioneering research achievements at the frontiers of our knowledge: enter 
therefore, that usually can only be understood and judged by a small Bn 
specialists. 

This is in keeping with Nobel’s wish that principal encouragement 
basic and pioncering research, whose results can be expected to lead to pr 
significant developments of “benefits” to mankind. 

The concept of “benefit” just therefore generally be accorded a s 
long-range view — even though discoveries already benefiting humanit 
infrequent recipients of the Prize. 

Let us hear now what an older Swedish contemporary of Nobel’s had 
about research and its applications. He was a man who doubtless 
influence — albeit an indirect one ~ on the young Nobel. “The import: 
scientific applications has grown so great in recent years that, in several n. 
it has become the principal focus of scientific enterprise. This need : 
regretted, but if scientific activities cease to be pursued for their own sakes 
are engaged in solely with regard to applications, then fligy will soon bec 
static, and little or nothing new will be gained anymore .. 

What is interesting is that this declaration was made i in 1822 by Ber 
who was born two hundred years ago and died when Nobel was fifteen 
pioneered the Swedish chemical and medical sciences and brought th 
positions of international stature — despite the fact that, in those days, by 
modern criteria, Sweden was indeed a “developing” country. As late as ‘ar 
the mid-1800s, half of all Swedish children were still dying before age five 
the country was ravaged by severe famines on numerous occasions. I 
Sweden, as it took other now-industrial nations, about a century to reac 
we now regard as a fairly decent standard of living. 


But Swedish authorities, and authorities elsewhere in Europe, were alf 
interested in higher education and in the research taking place at universiti 
academies. Even though the university-educated portion of the population 
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ely small, it played an important role in development through its 
dge, its power of initiative, and its international contacts. 

ay, perhaps, half of mankind’s four thousand million people are living 
sanitary and economic conditions akin to those of western Europe’s 
ty of one hundred and fifty years ago. But today, there is no century 
le for those people’s development. Radical improvements must be carried 
thin one or two decades: anything else is humanly and politically 


ptable. 


at role, then, does research play in this process? 
the 1950s and 1960s, it was a not-uncommon belief in many aid circles 
industrial countries possessed sufficient knowledge and technology to 
e problems of the developing countries. All that was needed was the 
iditure of enough energy to ensure the distribution and utilization of that 
ledge and technology. 
y now, however, even though our present knowledge is by no means being 
utilized, probably everyone realizes that vigorous research-and- 
opment efforts are needed in most fields to give progress the necessary 
and at the same time to ensure avoidance of the same errors that we have 
o endure in this century. 
‘is thus only through the most advanced research and development work on 
arnessing of solar energy that the tropical developing countries’ energy 
ments can be solved without disastrous environmental pollution under the 
ing pressures of growing populations in the next half century. 
‘he most advanced biomedical and chemical research efforts are needed to 
produce better preventive and curative methods of controlling the serious 
al diseases that are now the scourges of hundreds of millions of people. 
rge portions of this and other necessary research and development can 
ibtless be carried out best and most rapidly in the industrial nations. But it is 
ntral importance that the developing countries’ own scientific and 
ological competence be built up at the same time so as to ensure continued 
onstant local development. 
is a tragic fact in many developing countries that the most sophisticated 
ology is represented by imported military equipment. If, at the same time, 
ivilian sector works with the simplest technology conceivable, then an 
ectual imbalance ensues that is inimical to educational recruitment, among 
ings. 
expansion of entities of higher learning and research must proceed in 
with increased efforts in other urgent fields, such as elementary 
tion, health services, water supplies, and the economic development that 
’s Economics Prize has highlighted. 
The responsible politicians in the developing countries must thus support the 
range build-up of higher education and research. 
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This demands only relatively modest financial investments — but then a 
much greater personal commitment and increased collaboration betwee 
scientists and researchers of the developing countries and the ind 
countries. As Odysseus Elytis put it in one of his prose works, freely trans 
as follows: “When people are united in collaboration, such potent 
unexpected forces can arise that what had been regarded as immutable c; 
fact, be changed or melted down. The force of scientific development is so. 
that one must optimistically believe that the forces of good, too, must trium 
our problem-filled world.” 

The Peace Prize being presented today in Oslo exemplifies to us as wel 
the forces of good can be harnessed in realistic, humanitarian work and 
deep religious faith, devoted te the service of humanity, does not ‘hi 
collaboration between peoples of different creeds. 

This year’s laureates fulfill all of Alfred Nobel’s hopes and intentions: O} 
delight at their contributions is no small element of this day’s festivities, 


The Nobel Prize for Physics Speech 
by Professor Bengt Nagel of the 
The Royal Academy of Sciences 


Your Majesties, Your Royal Highnesses, Ladies and Gentlemen,’ 

This year’s Nobel Prize in Physics is shared equally between Sh 
Glashow, Abdus Salam and Steven Weinberg “for their contributions: 
theory of the unified weak and electromagnetic interaction between elemée 
particles, including inter alia the prediction of the weak neutral current”. 

Important advances in physics often consist in relating app 
unconnected phenomena to a common cause. A classical example is New 
introduction of the gravitational force to explain the fall of the apple and. 
motion of the moon around the earth, In the 19th century it was fou 
electricity and magnetism are really two aspects of one and the same force 
electromagnetic interaction between charges. Electromagnetism, with 
electron playing the leading part and the photon — the electromagnetic qu 
of light — as the swift messenger, dominates technology and our everyday 
not only electrotechnics and electronics, but also atomic and molecular phy: 
and hence chemical and biological processes are governed by this force. 

When one began to study the atomic nucleus in the first decades’ o 
century, two new forces were discovered: the strong and the weak nuclear for 
Unlike gravitation and electromagnetism these forces act only over distance: 
the order of nuclear diameters or less. The strong force keeps the niu 
together, whereas the weak force is responsible for the so-called beta decays 
the nucleus, Most radioactive substances used in medicine and technology. 


3 Translation from the Swedish text. 


Sit RBIR SAD NTRS RULE 
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active. The electron also participates in the weak interaction, but the 
| part is played by the neutrino, a particle, which is described as follows 
m by the American writer John Updike: 


COSMIC GALL 


Neuirinos, they are very small. 

They have no charge and have no mass 
And do not interact at all. 

The earth is just a silly ball 

: To them, through which they simply pass, 
Like dustmaids down a drafty hall 

Or photons through a sheet of glass. ... 
At night, they enter at Nepal 

And pierce the lover and his lass 

From undermeath the bed — you call 
It’s wonderful; I call it crass. 


e description is accurate, apart from the statement “they do not interact at 
iey do interact through the weak force. The neutrinos of the poem, entering 
rth at night at Nepal and exiting in the United States in a sort of reversed 
‘syndrome, come to us from the center of the sun. Solar energy, necessary 
ife on earth, is created when hydrogen is burnt to helium in the interior of 
na chain of nuclear reactions — even the advocates of “Solsverige” must 
tely rely on nuclear energy although it must be said that the fusion reactor 
well encapsuled and sufficiently relocated away from population areas. 
irst igniting and moderating link in this chain, burning hydrogen to 
ium, is based on the weak force, which could then be called the Sunignator 
intamer. 
ie theory which is awarded this year’s prize, and which was developed in 
ite works by the prizewinners in the 60s, has extended and deepened our 
tanding of the weak force by displaying a close relationship to the 
magnetic force: these two forces emerge as different aspects of a unified 
weak interaction. This means, for example that the electron and the 
tino belong to the same family of particles; the neutrino is the electron’s 
rother. Another consequence of the unified theory is that there should 
new kind of weak interaction. It was formerly assumed that weak 
s could occur only in connection with a change of identity of the 
{ron to neutrino (or vice versa); such a process is said to proceed by a 
d current, since the particle changes its charge. The theory implies that 
should also be processes connected with a neutral current in which the 
or else the electron — acts without changing identity. Experiments in 
have fully confirmed these predictions of the theory. 
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The importance of the new theory is first of all intrascientific. The 
has set a pattern for the description also of the strong nuclear force an 
efforts to integrate further the interactions between elementary particles. : 


Let me end by giving an example of the intricate links which exist bet 
different branches of natural science. ue 

Our body is to a large part constructed from “stardust”: the elements b 
hydrogen which build our cells have been formed in the interior of ‘st 
nuclear reactions, which form a continuation of the processes taking place | 
sun. According to the astrophysicists, certain heavy clements appearing in- 
important enzymes and hormones — iodine and selenium are examples of 
elements — can probably only be created in connection with violent explosic 
giant stars, so-called supernova explosions, which occur in our Galaxy 
every one or two hundred years. It is likely that neutrinos interacting vi 
neutral current play an important role in these explosions, in which a larg 
of the matter of the star is thrown out into space. Thus, for our functioni 
biological beings we rely on elements formed milliards of years ago in supe 
explosions, with the new kind of weak force predicted by the theory contri 
in an important way; really a fascinating connection between biol 
astrophysics and elementary particle physics. 


Professors Sheldon Glashow, Abdus Salam, and Steven Weinberg, 
In my talk I have tried to give a background to your great discoveries: 
borderland between a strange but known country and the probably 1 
unknown territory of the innermost structure of matter. 
Our way of looking at this structure has changed radically in the last de 
The theory of electroweak interaction has been one of the most importan 
to bring about this change of outlook. 
It is a privilege and a pleasure for me to convey to you the w 
felicitations of the Royal Swedish Academy of Sciences and to invite y 
receive your prizes from the hands of his Majesty the King. 


Remarks at the Nobel Banquet by Dr. Abdus Salam 


Your Majesties, Excellencies, Ladies and Gentlemen, : 

On behalf of my colleagues, Professors Glashow and Weinberg, I thank 
Nobel Foundation and the Royal Academy of Sciences for the great honor 
the courtesies extended to us, including the courtesy to me of being addres 
my language Urdu. Pakistan is deeply indebted to you for this. 


The creation of physics is the shared heritage of all mankind, East and W 
North and South have equaily participated in it. In the Holy Book of Islam, A 
says: “Thou seest not, in the creation of the All-Merciful, any imperfect 
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gaze, seest thou any fissure. Then return thy gaze, again and again. 
omes back to thee dazzied, and made dim.” (Al-Qur’an, 67: 3-4) 

in effect is the faith of all physicists; the deeper we seek, the more is 
t excited, the more is the dazzlement for our gaze. 


aying this, not only to remind those here tonight of this, but also for 
the Third World, who feel they have lost out in the pursuit of scientific 
dge, for lack of opportunity and resource. 
fred Nobel stipulated that no distinction of race or color will determine 
ives of his generosity. On this occasion, let me say this to those whom 
given His Bounty. Let us strive to provide equal opportunities to all so 
‘can engage in the creation of physics and science for the benefit of all 
-This would exactly be in the spirit of Alfred Nobel and the ideas which 
ted his life. Bless you 8 


37. Receiving the Nobel Prize for Physics from the 
King of Sweden, 1979 
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39, “Have We not opened up your mind [and lifted the burden...J?"- 
(Al-Qur’an) 
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ab d Lecture 


President, Excellencies, Ladies and Gentlemen, 

h'to start with grateful thanks to Allah for the very great honor the 
d you have done to me by the conferment of this Degree, by the holding 
celebration and by inviting with personal solicitude, my family, and most 
ly, my teachers to it. I have been overwhelmed by the affection of the 
nd from all over the world of Islam and I find no words to render 
ely my praise and thanks: “That is the grace of Allah which He bestows 
hom He pleases, And Allah is the owner of infinite bounty.” (Al-Qur’an, 


heory for which I have been honored concerns the fundamental forces 
ature. Until two decades ago, physicists believed that there are four 
ental forces of Nature; the gravitational, the electromagnetic and the two 
orces, the weak and the strong. Two decades ago, my colleagues and I 
sted that there were indications that the weak nuclear force was not really 
it from the electromagnetic and that the two could interconvert, one into 
ther. We were searching for a unity, in the tradition of Newton, Maxwell 
stein, and the unified theory was formulated in its final form in 1967, at 
tial College, London, and the International Centre for Theoretical Physics at 
with which I have the privilege of being associated, and also 
dently at Harvard. 

he first indication of the theory’s correctness came in 1973, when the great 
yean Nuclear Research Laboratory at Geneva (CERN) found experimental 
nce of neutral currents, which are an essential part of the predictions of the 
y. The clinching evidence was provided last year by the Stanford Linear 
erator in the United States, which, in an epic experiment, confirmed its 
d aspect — its heart as it were — of the unification of the electromagnetic 
with the weak nuclear to one part in four thousand as predicted. An 
iment at Novosibirsk by a group led by Professor Barkov further confirmed 
To these and to other great laboratories situated in Europe, the United States 
he USSR, I wish to express my appreciation for the remarkable series of 


\ddress on the occasion of the award of the D.Sc. degree by the 
ersity of Islamabad, December 18, 1979. 
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experiments which have now confirmed that the weak nuclear force i is 
basically the same as the electromagnetic. 


The next task is to test if the third force (the strong nuclear) is also. p, 
this unity. Together with some colleagues, we have formulated thi 
suggested experiments to test the idea. If the results are positive, in abot 
years, with Allah’s grace, we shall have reduced the four forces to just two. 

Then will remain the final goal of uniting gravity with this electron 
force. It is our faith that this must also be true, but a precise formulation an 
confirmation may take fifty years to achieve. Let me hope and pray that thi 
challenging problem is resolved by a young future Prize-winner from Pakis 


Mr. President, the fact that we were seeking a unity among the seen 
disparate forces of nature is part of our faith as physicists and of mi 
Muslim. Just eight days back, I was asked to reply on behalf of the physics 
winners to the Banquet address of His Majesty the King of Sweden in t 
and glittering Banquet Hall of Stockholm. With your indulgence, I shall 
part of what I said, for it bears on this faith in the ultimate unity and sy 
Nature. 


The creation of physics is the shared heritage of all mankind. East 

' North and South have equally participated in it. In the Holy Book of Isl 

says: “Thou seest not, in the creation of the All-Merciful any imperfect 
thy gaze, seest thou any flaw? Then return they gaze, again and again. 

comes back to thee dazzled and made dim.” (AL-Qur’an, 67:3-4) ae 

This, in effect, is the faith of all physicists, the deeper we seek, the nore i 

wonder excited, the more is the dazzlement for our gaze. 

Tam saying this, not only to remind those here tonight of this, but also. fo 

in the Thitd World, who feel they have lost out in the pursuit of sciet 

knowledge, for lack of opportunity and resource. 


To emphasize that science is the shared heritage of mankind and 
history of science, like the history of all civilization, has gone through cy 
recalled in my Nobel lecture an historical episode. Some seven hundred an 
years ago, a young Scotsman left his native glens to travel south to Tol 
Spain. His name was Michael, his goal to live and work at the Arab un 
of Toledo and Cordoba. [..:] 

George Sarton, in his monumental five-volume History of Science, 
divide his story of achievements in sciences into ages, each age lasting 
century. With each half century he associated one central figure. Thus, fro 
to 400 BC, Sarton calls the Age of Plato; this is followed by half centu 
Aristotle, of Euclid, of Archimedes and so on. From 600 AD to 700 AD 


Chinese century of Hsiian-tsang and J Ching and then from 750 AD to 1 
— three hundred and fifty years continuously — it is an unbroken succession 
Ages of Jabir, Khwarizmi, Razi, Masudi, Wafa, Biruni and Avicenna, | 
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Omar Khayam — Arabs, Turks, Afghans and Persians — men 
tothe culture of Islam. After 1100 AD, the first Western names 
Gerard of Cremona, Roger Bacon — but the honors are still shared with 
of Ibn-Rushd, Musa ibn Maimun [Maimonides], Tusi and Ibn-Nafis — 
anticipated Harvey’s theory of circulation of blood. 

350 AD, however, the developing world loses out except for the 
ash of scientific work, like that at the court of Ulugh Beg, the 
f Timurlane, in Samargand in 1437 AD; or of Maharaja Jai Singh of 
720, who at the court of Muhammad Shah in Delhi corrected the 
rrors of the Western tables of eclipses of the sun and the moon by as 
x minutes of arc and published Zijj Muhammad Shahi. This brings us 
ntury when the cycle begun by Michael the Scot turns full circle and it is 
eveloping world who turn Westwards for science, with C.V. Raman, 
owering figure from the developing world, in 1930. As Al-Kindi wrote 
ago: “It is fitting then for us not to be ashamed to acknowledge truth 
similate it from whatever source it comes to us. For him who scales the 
re is nothing of higher value than truth itself, it never cheapens nor 


vhy did we lose out? No one knows for certain. For the lands of Islam, 
s external causes, like the invasion of Mongols but there was, in my 
iething deeply internal also. To illustrate the apathy that came over us, I 
te from Ibn-Khaldun, one of the greatest historians of all times, who 
wo hundred years after the journeys of Michael the Scot and Hendrik the 
re undertaken to acquire knowledge from the World: of Islam. Ibn- 
lun writes, “We have heard of late that in the land of the Franks, and on the 
shores of the Mediterranean, there is a great cultivation of philosophical 
They are said to be studied there again and to be taught in numerous 
Existing systematic expositions of them are said to be comprehensive, 
ple who know them numerous and the students of them very many. Allah 
better what exists there, but it is clear that the problems of physics are of 
portance for us in our religious affairs. Therefore, we must leave them 


-Khaldun displays no curiosity, no wistfulness, just apathy, bordering on 
y. Mr. President, I would like here to pause and reflect with you. We are 
ed today of the need for acquiring science and technology and for 
ering our lost heritage. But before this happens, we must arouse the spiritual 
ies, particularly of the younger generation, for science: and technology. 
t me, therefore, to say a few words on this subject with reference to Islam. 

he reason why the Muslims searched for and developed sciences in their 
n Age, in the eighth, ninth, tenth and eleventh centuries is not hard to seek. 
uslims were following the repeated injunctions of the Holy Book and the 
“Prophet. According to Dr. Mohammad Aijazul Khatib of Damascus 
rsity, nothing can emphasize the importance of science more than the 
k that “in contrast to 250 verses which are legislative, some 750 verses of 


196 Science for Peace and Progress 


the Holy Qur’an — almost one eighth of it — exhort the believers to study N. 
to reflect, to make the best use of reason and to make the scientific enterptis 
integral part of the Community’s life.” 

I do not have to remind this audience of the proud title of the “Inheritor 
the Prophets” which the Holy Prophet accorded to the ulema, the. mr 
knowledge: “The scholars are the inheritors of Prophets.” 

The Holy Qur’an emphasizes the superiority of the ’alim, the man 
knowledge: “Can those who know not, ever equal those who know?” And 
“Only those of his servants who possess knowledge fear Allah.” : 

1 have translated in these verses, the word ’ilm as “knowledge”. The 
wish to make is that just a few months ago, Dr. Al-Muntassar, Rector of the 
Fatah University in Tripoli, emphasized to me that in Arabic there is no 
other than ’ilm for science. I would humbly like to suggest that in: or 
underline this emphasis on science, all religious seminaries must include 
of sciences — and not just the sciences as at the time of Avicenna: - i 
curricula just as the studies of religion are, and must be, part of the « curtic 
all schools and colleges in Pakistan. 

But what about technology — of science in application? hei: 
humbly suggest, the Holy Book emphasizes for the Community the acq 
technology by holding forth the examples of David and Solomon, 
mastery of the technologies of their day. “And we made iron soft for him 
subjected the winds for him”, in my interpretation through sail-po 
“ander his command he had jinns”, that is, again in my humble inte: 
controlled powers of the heavy machinery of the day, which fashioned: 
blocks, palaces, dams and reservoirs. And then we are reminded’ o 
Qarnain, building defences with blocks of iron and molten copper. Thu 
technologies of metallurgy, heavy construction, wind-power and commu 
emphasized. As every Muslim knows, the Holy Book does not relate, ex 
an exhortation for the future and as an example to be followe 
Community. “Such are the parables which We put before mankind so the 
reflect.” (Al-Qur’an, 59:21) 


But how are we to acquire this desired mastery of science and tec. 
today? Again, I would like to submit, in keeping with our own expetie 
earlier centuries and the experience of others, that there are no short ¢ 
nation has to commit itself with a passionate commitment, it must impat 
scientific and technological training to more than half of its manpower 
pursue basic sciences as well as applied technology with some 1-2% of 
spent on research and development alone. This was done by Japan, start 
the Meiji revolution towards the end of the last century, when the Empe 
an oath that knowledge will be acquired from wherever it could be fou 
the far corners of the earth. This was done recently by Korea with its F 
Plan for Science; this is being done in a planned mariner today at a frantic 
by our great and friendly neighbor, the People’s Republic of China, with 
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up with the West in genetic engineering, in biology, in high energy 
n space technology, in electronics, and in fusion physics, by the year 
pective of cost in sacrifices to the society. We too shall have to follow 
ris, if we wish to succeed. But we must not pitch our ambitions too low, 
$ no reason that they cannot be realized. 


President, there is nothing worse in this respect than a sub-critical 
technological community, starved of younger manpower which alone 
enate it, starved of scientific literature and tools, and worst of all, 


of frequent international contacts with their peers elsewhere. 

lis respect, one must state categorically that science is not cheap. 
ent in it needs sacrifices on the part of the nation as a whole and not just 
ernment. As I said before, international norms of spending on scientific 
ndustrial research by a community must be around 1-2% of the gross 
“product. Pakistan has a GNP of the order of $10 billion. It should be 
g some $100 million a year on scientific and technological research 
Mr. President, I do not know the figures for today, but when I was 
med with science in Pakistan some ten years ago, these figures did not 
$8 million and this included the then East Pakistan. We were a factor of 
it in comparison with what we should have been doing in research and 
pment, with the same shortfall in percentages holding for the numbers of 
ists and technologists we have and were training, at all levels. 

ut it is not just the expenditures, which are inadequate. Even more 
tant than this is the will to utilize science and the scientists in every sphere 
onal development. As I said before, it is an amazing fact that the Koreans 
ncreased their GNP by a factor of ten in ten years — from $100 per capita to 
‘per capita between 1970 and 1979. This, I was told by Cabinet Ministers 
to Physics Professors in Seoul, was achieved by their five-year plan of 
e and technology, fully integrated into the investment plan of the nation as 
ole. The corresponding situation in Pakistan is that the Planning 
{nmission even today does not boast of a science and technology cell. In order 
cience and technology can make an impact, it is imperative that the 
ntists and technologists must be given the ultimate responsibility for the 
ation of advances in knowledge. No administrator can do or should attempt 
this for them. Rather, there should be, like in Japan, like in China, like in 
ike-in Sweden, like in France, in my personal experiences, the most 
ete accord between the scientist, the technologist and those who run the 
pment machinery of the state and the industry, with full trust in their 
ective spheres on all sides. 

remember hearing the late Lord Mountbatten once give a lecture at the 
‘Society. He was narrating his experience during the war in working with 
sts like Sir Solly Zuckerman, A.V. Hill and the future Nobel Laureate, 
. Blackett. Lord Mountbatten recalled that at the first meeting with the 
itists in 1939, he presented them with a list of war problems, which the 
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services had specified for the scientists to solve. Mountbatten remembered | 
Zuckerman simply laughed at the presentation of the list saying, “Please d 
specify what you think are the problems. Take us into your confidence; tell 
your objectives and let us define in our own manner the obstacles and proble 
We shall then jointly endeavor to find solutions to meet the precise objecti 
you have set us.” 

Mr. President, the celebrations of today could represent a landmark fi 
science and technology if they succeed in removing from the youth of our nz 
any feeling of inadequacy when faced with modern science and technology. * 
celebrations will have served a purpose if the nation feels spiritually united anid if, 
the conflict between religion and science the younger generation feels is felt 
longer, for there indeed is no conflict in Islam. These celebrations will hi 
served a purpose if Pakistan lays the foundations for a five-year plan for scie! 
and technology and its application to development with the scientist an 
administrator, respecting, trusting and fully collaborating with each other. 

Mr. President, my own remaining as a physicist was due to a series 
fortunate accidents, economic and otherwise. I shall not elaborate on them 
but you, personally, having suffered from some of the same disabilities; 
understand. There is need for those whom Allah has given of His bounty, to 
of it to the nation’s young, to support science and scientists, so that no tals 
wasted. No Government alone can do this; my appeal is to the nation as a w 
which must respond generously with the setting up of funds for. tal 
everywhere. 

The recognition you have celebrated today has come in the last year 0: 
14th century of. Hijra. Let me end with the prayer that the new century of Hi 
dawns with similar recognitions for this nation and for the World of Islan 
great frequency every year. Amen, © 


Lapyright tc) www al 
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s Last Dream: The Space-Time 
on of Fundamental Forces 


e earliest times, man’s dream has been to comprehend the complexity 
n terms of as few unifying concepts as possible. In this context, in the 
physics, three names stand together; those of Newton, Maxwell and 
among the greatest synthesizers and unifiers of all times. Newton, 
hundred years ago, identified and unified terrestrial gravity (the force 
akes apples fall) with celestial gravity (the force which keeps planets in 
d the sun). Maxwell, two hundred years later, unified the forces of 
y and magnetism. He further showed that light was one manifestation of 
cation. Einstein, in 1905, unified the concepts of space and time. Eleven 
er; he could show that Newton’s gravity was a manifestation of this 
$ unification in the sense that Newtonian gravity signified a curvature of 
space-time manifold. The question, which Einstein then asked was 
ld Maxwell’s electromagnetism be united with Newtonian gravity in the 
j a that Maxwell had united electricity and magnetism? If so; was 


et the scene, let us summarize what we have known since around 1935, 
: the ultimate building blocks of which all matter in the Universe is 
d the forces, which govern the behavior of matter. I shall forego 
ing some concepts, which are irrelevant to my theme today: stated in its 
form, essentially all matter we see around us is made up of four building 
. four basic particles. These are the two nuclear particles, the proton (P) 
eutron (N) and the two so-called light particles, the electron (e) and the 


dress at the UNESCO Celebration of the Centenary of Albert Einstein’s 
ay 7, 1979, Paris. This version was the first R.D. Birla Memorial Lecture 
ed under the auspices of the Indian Physics Association at Bombay on 
, 1981. First published in Physics News, Vol. 12, No. 2 June 1981). 


200 Science for Peace and Progress 


neutrino (v). There are four basic forces, which govern the behavior of. 
particles, when they come close to each other. These four forces ar 
following: 
1) The Gravitational Force. Ali four particles (P, N, e, v) attract each 
with a force, which is proportional to their mass. This is the force which co 
the behavior of planets, stars, galaxies and which determines the overall feat 
of the Universe we live in. 
2) The Electromagnetic Force. Of the four particles, two, the proton and 
electron are electrically charged. The other two are electrically neutral. Pi 
attract electrons, the strength of the electromagnetic force between then 
proportional to their electric charges. The proton-electron force is responsi 
holding atoms together. It is this force, which chiefly governs all k 
phenomena of life on earth. 
3) Weak Nuclear Force. A\l particles P, N, e, v also interact with each 
through a weak nuclear force provided they are close to each other than 1 
and are in a state of left polarization. This force was discovered in the earl 
of this century; it gives rise to the phenomenon known as B-radioactivit} 
principally responsible for the existence of heavy elements on earth an 
parts of the Universe. 
4) Strong Nuclear Force. Protons and neutrons carry a strong nuclear 
{in addition to the weak nuclear charge), These particles attract eac 
strongly when closer than 10 “* cm. The strong nuclear force is respons 
holding the nuclei of He, Li, Be, C, U, etc., together. The phenomena of fi 
responsible for making the sun shine, and fission which powers’ 
generation of nuclear rectors are aspects of this force. 


The picture presented above of four basic entities and four basic 
between them represents a remarkable economy in concepts. But evel 
remarkable economy is not enough for the physicist. Just as Maxwel 
Faraday had shown that the seeming distinction between electricity 
magnetism depended on whether electric charges producing these forces 
stationary or in motion, in a like manner the physicist has hoped that hi 
unify the four seemingly distinct forces into one single basic force of whic! 
four known ones are different facets. Einstein went further; he wish 
comprehend this single unified force — assuming that it existed — as a geome’ 
property of the space-time manifold we live in. If this dream of unificati 


true, there would, of course, be measurable consequences, which would fol 


from the unification of forces and their enshrinement within space-time stru 
What exactly does the unification of forces mean, can be illustrated 
historical survey of the unification ideas. 


History of Unification Ideas in Physics 
1) We start with the Islamic physicist Al-Biruni (working in the 
century) and Galileo: they declared that laws of physics, discovered here 
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ily equally to phenomena occurring elsewhere in the Universe. Galileo 
ilar made the concept more precise, by his observations regarding the 
s on the moon. This faith in the unity of nature now underlies the whole 


ewton (born the year of Galileo’s death) quantitatively realized some 
undred years ago, Galileo’s ideas, by recognizing and postulating the law 
tsal gravity; in particular by showing quantitatively that the terrestrial 
hich governs fatling bodies on earth is identical with celestial gravity — 


which keeps planets in orbits around the sun. 
One hundred and fifty years after Newton, Faraday and Ampere showed 
agnetic forces are produced by electric charges in motion. This was the 


ing of the unification of till-then the two disparate forces of nature — 
‘ity and magnetism. 

The work of Faraday culminated with Maxwell, the centenary of whose 
will fall this year in November. Maxwell showed that a manifestation of 
ification of electricity and magnetism must mean the production by 
ating electric charges of electromagnetic radiation — in the form of radiant 
ght, radio and X-rays. These radiations are nothing but aspects of the 
‘omagnetic force. 

Fifty years later, the work of Heisenberg, Schrodinger and Dirac showed 
hemical forces - among which are included all forces which govern life and 
gical functions — are yet another manifestation of electromagnetism plus 


In 1905, Einstein unified the concepts of space and time. In 1906, building 
is, and generalizing the unification concepts still further, he showed that 
nian gravity was a manifestation of the curvature of the space-time 
ld. This audacious concept of a dynamic space-time led to spectacular 
es in cosmology; predicting on the one hand an expansion of the universe 
antiated by the observed red shift of distant galaxies) and on the other hand 
ing the 3°K remnant of a big bang which signaled the “birth” of the 
se some 10'° years ago. 

Finally, as the culmination of his life work, Einstein wished to see a 
tion of gravity and electromagnetism as aspects of one single force. In 
n language he wished to unite electric charge with the gravitational charge 
‘into one single entity. Further, having shown that mass — the gravitational 
*= was connected with space-time curvature, he hoped that the electric 
would likewise be so connected with some other geometrical property of 
ime structure. 

But where did the weak and the strong nuclear forces — and the weak and 
@ nuclear charges — come into this? Gravity and electromagnetism are but 
ut of the four basic forces. It is here that the recent post-Einsteinian 
Jopments I wish to describe are relevant. 
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We believe that the electromagnetic charge and the weak and the s 
nuclear charges are so akin to each other — in the fact recently shown that 
these charges can only exist in discrete units — that the first stage of unificat 
would bring electromagnetism and the nuclear forces together. Once thi: 
accomplished a second stage of unification would unify this combined fore 
gravity and possibly also realize Einstein’s dream of comprehending the: 
unified force within the geometry of space-time. 


It is difficult to describe the theoretical arguments, which have led us to thi. 
conclusion. But there are experimental consequences, which follow from 
suggestion of the unification of the electromagnetic with the weak nuclear fo: 


The most spectacular predication, verified last year at the Stanford L: 
Accelerator Center was the following. If indeed the weak nuclear force is no 
but a different facet of a basic force whose other facet is electromagnet 
electromagnetism — the force between electrons and protons - when c 
examined should show some characteristics which one had in the past associ 
with the weak nuclear force only. One such characteristic is the distinctio 
force experienced by left-spinning versus right-spinning electrons. The S 
experiment, measuring this deflection with an accuracy never before attemy 
demonstrated that ieft-spinning electrons indeed are deflected one part it 
thousand times more than right-spinning electrons when scattered off h 
water. To one part in ten thousand ~ just as the theory predicted - what 
previously thought of as the distinct weak nuclear force intrudes into the hith 
separate domain of electromagnetism, clinching the hypothesis that the't 
forces are indeed facets of one basic fundamental force and are intertwined 
with the other. 


There is a second prediction, even more spectacular. It states that 
apparent differences — short-range character of the weak nuclear versus Jon 
range character exhibited by the electromagnetic force — are simpli 
consequence of the circumstance that we happen to live in an epoch some: 1! 
years after the big bang, when the Universe has cooled to a temperature of 
If we had been privileged to live and experiment one-tenth of a second after 
birth of the Universe, both forces, the weak-nuclear and the electromagne 
would have been long range. Of course we cannot travel backwards in time; 
we can quantitatively predict the precise difference in range of the weak nucle. 
force versus the electromagnetic. The precise prediction is that if these two fore 
are truly facets of a basic “electroweak” force, then there must exist two: 
heavy elementary particles with masses ~80 and 90 times proton mass, the fi 
charged, the second electrically neutral. The particles are predicted to b 
mediators of the weak nuclear force just as the photon is the mediator of 
electrical force. The European Nuclear Research Laboratory (CERN) whi 
UNESCO helped to found in 1954, is tooling itself just now to produce: 
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site energetic beams of protons and anti-protons with its new accelerator, 
ioned five years ago. If suitably energetic beams can be produced, one 
expect that during 1982, experiments to check if the predicted particles exist 
e carried out. If such energetic beams are impossible to produce — and there 
ormidable difficulties in attaining the requisite intensity — one shall need a 
particle accelerator with verifying energies and intensities still higher to 
i the matter. This experiment — the existence of the electroweak particles 
in particular the heavy photon —- is in some ways on par with the 1919 eclipse 
ement of deflection of light which established Einstein’s theory of gravity. 
time it is the unification of the weak nuclear force with the electromagnetic 
.is at stake. At present all indirect experimental evidence already points in 
irection that the electroweak unification hypothesis is correct, that the 
cted particles do indeed exist. There are not four, but three basic forces of 


ter this experiment is done, or perhaps simultaneously with it, there will be 
of the possible unification of the strong nuclear force with the electroweak 
- reducing the four basic forces to just two. This test consists of storing 
000. tons of water in a mine one mile deep, shielding the water from all 
sources of radiation. This mass of water will be surrounded by light- 
ting devices. One proton out of the 10” protons which make up this mass of 
will turn (in the span of a year) into a positron, emitting light of a 
teristic wavelength. This will be the signal of the grand unification into 
rce of three of the four forces — electromagnetic, weak-nuclear and the 
nuclear. 


t what of Einstein’s first dream of finally unifying this electro-nuclear 
vith gravity — and then the second dream of this new unified force being a 
station of the structure of space-time? Amazingly, in the optimistic 
e of physics today, these dreams also seem near to realization. It could be 
ace-time has extra dimensions besides the four that we are conscious of — 
ld be that the extra dimensions are associated with the electric and the 
r charges just as the gravitational charge is associated with the curvature of 
ur space-time dimensions we are familiar with. It could be that, as 
ted by Wheeler, the electric and nuclear charges are telling us about the 
cale structure of space-time, of foam-like granularities, which are 
ed out when one observes coarsely. Space-time may be like some 
-s of cheese with holes at places where charges are located. Some of these 
re already formulated when Einstein lived. On some of these he worked 
Somehow, today with the electroweak unification already in the offing, 
ear near to be realized. 


Journal, The Economist, issue of March 10, 1979, commemorating 


amused to read the Science and Technology section of the prestigious 
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Einstein’s birthday. The Economist discusses the unification of forces I- 
described above and then goes on to say: “If nature is really that simple. 
there is only one fundamental force, then industry should be thinking abo 
long-term research programs. It may eventually prove sensible to harne 
other forces to new. technologies, by manipulating them with electromagneti 
Nobody can predict just what the applications might be. But then, when Ma 
realized over a hundred years ago, that electricity and magnetism wer 
different aspects of the same electromagnetic force, nobody foresaw tha 
would help lead to radios, telephones, televisions and the whole of electroni 
Surely, Einstein never bargained for this when he dreamt about u 
Maxwell’s theory with Newton’s through the crucible of a dynamic space-tim 


I wish to conclude with one thought, which I would like to share with you 
There has been no one like Einstein in this century; perhaps never i 
whole history of human thought, so far as physical sciences are concern 
Certainly there never has been anyone so singly responsible for sO” 
revolutionary thinking in physics. 
But how easily may Einstein have been lost, particularly if he had been 
in a developing country. At the age of fifteen he was summoned by one of 
teachers at the Luitpold Gymnasium in Munich; the teacher expressed th 
that Einstein leave the School. In Einstein’s words, “To my remark that 
done nothing amiss, he replied only, “Your mere presence spoils the resp 
the class for me.” This was a reference to Einstein’s independence. 
At the age of sixteen and a half, Einstetn wished to enter the’ Z 
Polytechnic. He took the Entrance Examination for Engineering and, fortui 
for physics, he failed. A year later, he succeeded, but by now he had give: 
thought of becoming an engineer. Einstein graduated from the Z 
Polytechnic in the year 1900; he sought university positions, but failed “for 
not in the good graces of my former teachers.” Einstein maintained himself 
finding temporary jobs, performing calculations, private tutoring at three fi 
an hour, school-teaching. In November 1901, he submitted a research pape: 
thesis for a doctorate’s degree — a necessary passport for university tea 
Although this paper — his second — was accepted by the prestigious joi 
Annalen der Physik, the University of Zurich rejected it as inadequate for a |] 
According to Banesh Hoffmann, Einstein felt himself sinking hopeles: 
the quagmire of a world that had no place for him. A poignant episode’ 
1901 will illustrate what J mean. In 1901, Einstein’s first research paper had 
published in Annalen der Physik. Einstein sent a copy of this to Pr 
Wilhelm Ostwald — later a Nobel Laureate — with the letter: “Since I was i 
by your book on general chemistry ... I am taking the liberty of sending 
copy of my paper. I venture also to ask you whether perhaps you might hav 
for a mathematical physicist ... I _ arene the liberty of making such a re 
only because I am without means. 
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eof a- second reminder there was no response from Ostwald, or from 
t Kamerlingh-Onnes in Leiden to whom Einstein sent a similar request. 

s stage, in Banesh Hoffmann’s words, a beautiful event occurred in 
s life of which he knew nothing, Einstein’s father, an unsuccessful 
in ill health, and a stranger to the academic community, took it upon 
write to Professor Ostwald. Here is his letter: “I beg you to excuse a 
dares to approach you, dear Professor, in the interest of his son ... My 
rt Einstein is twenty-two years old ... Everybody who is able to judge 
talent ... My son is profoundly unhappy about his present joblessness, 
y day the idea becomes more firmly implanted in him that he is a failure 
areer and will not be able to find the way back again ... Because, dear 
r, my son honors and reveres you ... I permit myself to apply to you with 
that you read his article ... and hopefully that you will write him a few 
f' encouragement so that he may regain his joy in life and his work ... My 
no idea of this extraordinary step of mine.” 

ere was still no reply. Eventually as is well known, in 1902 Einstein did 
at the Swiss Patent Office — first as Probationary Technical Expert, 
ass, and then with a promotion to Engineer, Second Class, It was here — 
“adequate scientific libraries, far from the stimulating research 
ere of a conventional university physics department, snatching precious 
of time for his own surreptitious calculations, which he guiltily hid in a 
when footsteps approached, Einstein produced his revolutionary papers 
antum theory of light and the unification of space and time, during 1905. 
ing all this time, he was without the precious | Ph.D. “I shall not become a 
the whole comedy had become a bore to me.” Thus wrote Einstein, for a 
ttempt at this degree made in 1905 had also failed. A third attempt did 
ally succeed, but by then he did not need the Ph.D, any more for he had 


have told this story in detail; for the simple reason that every one of the 
tagements he suffered from was a norm for a scientist in a developing 
And even in a developed country today, would an Einstein, with his 
tment to science for its own sake, fare any better? I shall quote first from 
and then quote a comment from Professor Reimar Liist, President of 
lanck Society. 

“My scientific work is motivated by an irresistible longing to understand 
secrets of nature and by no other feeling. My love for justice and striving 
ntribute towards the improvement of human conditions are quite 
indépendent from my scientific interests.” 


ofessor Liist’s comment made during the Einstein celebrations at Bern 
‘These words may sound. strange to the ears of those who are responsible 
ience policy all over the world today, looking for social relevance, 
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immediate applicability and cost-benefit-analysis in supporting scie 
research,” EE 


I rejoice that UNESCO, representing the world community of cultu 
scholarship is commemorating in a befitting manner the centenary of Einst 
the greatest figure in the scientific culture of our times — perhaps all tim: 
confident UNESCO will not forget Einstein’s ideal regarding the preciousn 
search for knowledge for its own sake, nor will it forget the commer 
Professor Liist, when UNESCO’s counsels are sought on science poli 
developing countries, # 
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ire of the 
” Explanation in Physics 


- Experiment alone can decide on truth. ... But the axiomatic basis 
- of Physics cannot be extracted from experiment, 

Albert Einstein, 
Herbert Spencer Lecture, June 1938 


cience — physics in particular — is concerned with discovering why 
appen as they do. The whys so adduced must clearly be “deeper”, more 
ore axiomatic, and less susceptible to direct experimental testing, 
mmediate phenomena we seek to explain. And it is so well-known, that 
he whys of one generation which are often the points of departure for the 
whom the earlier whys can appear subjective, conditioned by 
ntific’ thinking, even wrong. The glory of science is that this 
anding, we often arrive at correct predictions — at least to the extent of 
érimental accuracies achievable and often better. I wish to speak about 
fining, ever-sharpening process about the whys of physics in the context 
fundamental unification of physical forces on which our generation is 


summarize my remarks in terms of three propositions: 

‘he physics of the last century ascribed its deeper whys to an all-pervading 
al aether. Einstein killed this aether, but he substituted for it, something 
ose in spirit — a dynamical space-time manifold. Following Einstein, 
dest whys of today’s physics are to be found as manifestations of what we 
to assume as the basic attributes of the space-time manifold. 

far as dynamics is concerned, our final court of appeal if all else fails, 
ootstrap mechanism, the principle of self-consistency of the Universe. 
riniciple may be traced back to the teleological dictum of Leibnitz — so 
satirized by Voltaire in Candide — “The Universe is as it is for what else 
e 

nd finally, there are the Laws of Impotence — so named by Max Born — 
hys toust respect. These laws of impotence — the glory of the physics 
20th century — consist of not-to-be-questioned admonitions like: thou shalt 


nted as Herbert Spencer Lecture, University of Oxford, November 12, 
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not conceive of velocities greater than that of light, to transmit signals; thot 
quantize angular momentum in units of the Planck’s constant (h). 

There are other requirements governing the desirable whys, like econo 
concepts and simplicity (Occam’s Razor), like eschewing of over-subtlet 
beauty of the mathematics to be used (which somehow appears linked 
unreasonable efficacy). But these are well-known ideas and do not 
elaboration. 


To illustrate my remarks, and in particular the questioning by one gene 
of whys which led the generation before to (relative) truth, consider the cl: 
example of the laws of planetary orbits and celestial gravity theory, asso 
with the names of Kepler, Newton and Einstein. 

Kepler, the first man to give a quantitative description of laws of pl 
motion describes thus how he was led to their discovery. 

“God reflected on the difference between the curved and the straight 
ptetested the nobility of the curve.’ 

“Among bodies, omit ... the irregular ones, and only retain thos 
faces are equal in side and in angle. There remain five regular bodies 
Greeks: cube, pyramid, dodecahedron, icosahedron and octahedron . 
five bodies be fitted into one another and if circles be described bot 
and outside all of them, then we obtain precisely the number six of circ 
Copernicus has taken just six orbits of this kind, pairs of which pr 
related by the fact that those five bodies fit most perfectly into them.’ 


Would this type of reasoning be considered “scientific” today?! 
Kepler described Copernicus as a “blind man feeling his way with a 
must have been this act of hubris, which in turn had its nemesis in Kée 
description of Kepler as a “sleep-walker”. 


Kepler was followed by Newton, who washed his hands of the entire. 
for why; “But hitherto I have not been able to discover the cause of «:. 
from phenomena and I frame no hypotheses ... Hypothesis ... has a 
experimental philosophy.” 

On this attitude of Newton; Einstein had this to say: “We now realize 
special clarity, how much in error are those theorists who believe tha 
comes inductively from experiment. Even the great Newton could j 
himself from this error (Hypotheses non fingo).” 

But had Newton built no hypotheses into his gravity theory? Acco 
Einstein, he had. This was the hypothesis that gravitational charge (m 


_ | Before we dismiss Kepler’s reasoning, reflect on our own generation’s partiali y 
eight-fold way, for the exceptional Lie groups as candidates for symmetry gro 


particle physics, stemming as this partiality usually does from the mathe I 


“nobility” of these particular constructs! 
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fewton’ s Force Law (Ff = a bide exactly equals inertial mass — the 
r? 


"matter contained in the bodies which mutually attract. This is the so- 
Equivalence Principle. 


ee the force of Einstein’s remark about Newton’s assumption of the 
of gravitational charge with inertial mass, consider a hydrogen atom, 
onsists of a proton and an electron. In making up the atom, the electron 
roton attract each other both electrically as well as gravitationally. The 
ss of the atom equals proton’s mass plus electron’s mass minus the 
; as well as the gravitational, binding energies. The ratio of the summed 
f the proton and the electron to the two varieties of binding energies is 
der 1:10°:10“. Now, Evétvés (in the nineteenth century) in his 
ted torsion experiment, had in fact demonstrated that gravitational charge 
al inertial mass to the extent that, for the hydrogen atom for example, the 
al binding energy (10%:1) contributes equally to both. But what about the 
tional binding energy? Does the tiny relative number (107): — ascribable 
tional binding — also affect inertial mass and gravitational charge 
What would Newton say? 

ein’s own answer was unambiguous. His whys for the existence of the 
onal force ascribes this force to space-time dynamics, to the curvature of 
dimensional space-time. His theory incorporates a “strong equivalence” 
ational charge with inertial mass. But there were rival theories — like 
Brans-Dicke’s extension of Einstein’s — which denied this equivalence 
the gravitational binding-energy is concerned. According to these 
: part of this relative 10°’ would not show up in the gravitational 


sue between Einstein and Brans-Dicke was joined, in March 1976, in 
‘autiful experiments, independently carried out by two teams; one led by 
he other by Dicke himself. These epic experiments consisted of 
ag the mean (Kepler) positions of the earth and the moon to +30 cm 
lunar laser ranging measurements. For heavenly test bodies as massive as 
¢ relative ratio of the gravitational binding energy to the total mass is in 
f 10°77:1 (and not the miserable, unmeasurable ratio 10“7:1 obtaining for 
‘ogen atom). 

nobody’s surprise — except perhaps to Dicke’s — Einstein’s strong 
fice principle proved to be correct. Dicke’s own theory must be 
d, at least to all reasonable values of a new, adjustable parameter in his 


like old soldiers, theories never die; they simply fade away. Thus one could still 
-Dicke’s theory, but only by assuming an outrageous value for this adjustable 
Otter phenomena would then be affected but they are (hitherto) untestable. 
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To summarize, Kepler, Newton and Einstein each started with a dif 
why for broadly the same set of phenomena. (To be more precise, 
disclaimed any attempt at formulating a why for gravity theory — even thou 
apparently did build into it an equivalence hypothesis, justified later by Ein 
totally different approach.) Each theory gave predictions commensurat 
better than the accuracies of the experiments then possible. However, at 
Einstein’s approach remains the deepest ~ and the most accurately predict 
that we know of for explaining the existence — the raison behind ~ 0 
Nature’s fundamental forces (gravity). Will this forever be the case? Wi 
theory need modifications, extensions, become part of a bigger whole; 
even have to be discarded altogether, together with all its axiomati 
structure? 


Einstein believed that the discovery of the deep wiy, underlying the 
forces of nature will also follow the pattern of “geometrization” of gravi 
had given to physics. Before I consider this, let me take one more exa 
differing styles of the offered whys at different epochs of physics. The ex 
from one of the other fundamental forces of Nature — electromagn 
Maxwell, you may recall, predicted the existence of the electromagnetic 1 
on the basis of the “displacement current” which he invented. This is on 
greatest feats of inventive discovery man has ever made — a discovery V 
parallels, in the change it brought about the world we live in. Today an 
student would demonstrate for you the necessity of a “displacement cu 
from the conservation law of electric charge. But Maxwell, himself, went 
a tortuous — and what today might be considered an untenable — deduction 
on a mechanical model of the aether. In Einstein’s phrase, “(This) gre: 
(was) brought about by Faraday, Maxwell and Hertz — as a matter of fa 
consciously, and against their will — (because) all three of them, throug 
lives considered themselves adherents of the mechanical theory (of the -ae 
Notwithstanding this, does anyone here tonight dare feel superior to Mz 
Even after what I just quoted from Einstein, listen to his reverence for M: 
“Imagine Maxwell’s feelings when the differential equations he had formul 
proved to him that the electromagnetic fields spread in the form of p 
waves and with the speed of light. To few men in the world has. su 
experience been vouchsafed,” 


Consider now the forces of electromagnetism, and the new nuclear 
weak and strong, responsible for radioactivity phenomena and for fissio 
fusion respectively. Recently, theory suggested and experiment confirme 
the weak nuclear force combines with electromagnetism — just as ma; 
combined with electricity in the hands of Faraday and Maxwell a century ag¢ 
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gle, all embracing electroweak force. The secret of this unification’ 
-extension of the so-called gauge ideas (well-known in 
gnetism) to the weak nuclear force. The characteristic of a gauge force 
forces are proportional to the “charges” carried by the particles (e.g., 
mm 
2 


or electromagnetism, Feo for gravity). 


has been shown is that analogous to the electric charge, there exist 
k charges which determine the strength of the weak nuclear force and 
ree charges — together with the electric — form four components of a 
tity, each component transformable one into the other, through the 
of the group structure SU(2) x U(1) acting on an “internal symmetry 
all attempt to explain what I mean, more humanly, in a moment. But 
te the story: The future theoretical expectation is that the strong nuclear 
o a gauge force and the corresponding strong nuclear charges will 
ly unite with the electroweak charges to make up a single entity, 
ya still larger “internal symmetry group”, of which the electroweak 
1) is a part.* From the concept of the electroweak force we shall, we 
ess soon to the concept of a unified electro-nuclear force, comprising 
gnetism as well as the two types of the nuclear force. 

ised the word “internal symmetry space” to designate that mysterious 
ng. which provides the present why for these unified gauge theories. 
electric, weak-nuclear, strong-nuclear — is a manifestation of the 
of an “internal” symmetry structure and of the postulated symmetries 
f physics for rotations and other transformation in this mysterious 
yaceé. The analogy of the internal space is with the familiar space-time. 


| role in the demonstration of this electroweak unification was played by the 
“spontaneous” symmetry breaking. To motivate these, one has to invoke self- 
cy (my second proposition, see first paragraph in this chapter) and to build in a 
of symmetrical potential into the structure of the theory — a potential, which 
enough) yields solutions with less symmetry than what we started from. 
fitial should guarantee that the weak nuclear force remains short-range as 
thout affecting the long-range character of the electromagnetic force. There 
come price which one pays for inventing such a potential; one predicts the 
: of ‘a hitherto undetected particle — the so-called Higgs particle - which is 
ing searched for. This particle is welcome, for its existence would show that 
n the right track, It is this sort of quantitative prediction, which distinguishes our 
our version of the self-consistency principle in physics, from empty 
zing. 

nts to demonstrate this have just gone underway with Brookhaven-Irvine- 
and Milan-Turin-CERN-University College-Oxford collaborations. These are 
ents designed to demonstrate that the proton is unstable with a half-life of the 
0** years. Hitherto the proton has been believed to be stable. Compare 10” 
th the unmentionably tiny life of the Universe — of the order of 10’° years. 
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And the analogy of the electric and nuclear charges is with the gravitat 
charge — the inertial mass - which i is associated with the translation-symmet 
the four-dimensional space-time’ continuum. 


The question which arose in the nineteen-thirties when “internal symm 
spaces” were first invented by Heisenberg and Kemmer and which has be 
more and more insistent with the success of gauge ideas is this: Ar 
“{nternal spaces” purely mathematical constructs or do they represent r 
adjuncts to the four-dimensional space-time we are familiar with. 

To take one example, one of the attempts currently being made is to d 
physics in all 11-dimensional space-time. Of the 11-dimensions, four ar 
familiar space-time dimensions whose curvature is related to gravity a 
other seven dimensions correspond to an internal symmetry space. In the't 
advanced, the seven dimensions curled in upon themselves 10 sec after th 
Bang, attaining a size of the order of 10 cm and no more. We live on a ¢ 
in 11-dimensional space, our major source of sensory apprehension of thes: 
dimensions being the existence of charges — electric, weak-nuclear and: 
nuclear and the corresponding forces as manifestations of their curvature 
will Einstein’s final dream (with which he lived for thirty-five years of: 
gravity) with the other (electronuclear) forces be eventually realized. 


Exciting idea, which may or may not work quantitatively. But one q 
already arises: why the difference between the four familiar space 
dimensions and the seven internal ones? Why may the one lot curl in 
themselves, while the other does not? For the present, we shall mak 
plausible through the self-consistency principle; we shall invent a po 
which will guarantee this as the only stable self-consistent dynamical ‘sy: 
which can exist. There will be subtle physical consequences of this perha 
the form of remnants, like the black body radiation, which was a remnan 
Big Bang. We shall search for these. Even if we find them, the next gener 
may perhaps question this entire mode of thought — particularly if. a 
discrepancy with our predictions is detected -- and the cycle of questionin 
answering might start all over again. Even today, an obvious question wo 
Why eleven dimensions; why not a wholesome number, like thirteen? 
once again, due to the operation of the Bootstrap, the self-consistency pri 


There is an alternative suggestion to these extra dimensions, which 
explain charges (other than gravitational) within the context of no more 


° Translation-symmetry is the statement that the laws of physics are independen 
location of where an experiment to test them is performed. This is one e 
symmetry, which we choose to ascribe to space-time structure; cf. the first propo: 
paragraph 1. The experimental consequence of this assumed symmetry is the em 
testable conservation of energy and momentum. i 
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‘our-dimensional space-time. This suggestion, due to Wheeler, 
nd Hawking, does not add in new dimensions; it instead associates 
id the nuclear charges to space-time topology — space-time Gruyere- 
ormholes of the granular size of the order of 10°? cm. The idea is 
opology, you may recall, is concerned with “global” aspects as 
with the “differential” aspects of the present tradition in physics. It 
$ a real break with the past. Unfortunately — and I say this 
and ungratefully, in order to provoke some of my friends, in this 
my own feeling is that the mathematics of topology, in respect of 
ed, has not progressed beyond the Mébius strip and the Klein-bottle. 
§ a language for physics is not yet capable of supporting the edifice 
may wish to erect on it. Could it be that our generation is defeated 
kof development of a necessary mathematical discipline in a direction 
eed? This has never happened before in the history of physics, but on 
ould like to leave you to ponder on the deeper whys, appropriate to 
‘Of today — and tomorrow. tl 


43. Johannes Kepler 44. Isaac Newton 


rt Einstein 46. Werner Heisenberg 47. Stephen Hawking 
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Expatriate Nationals and Promotion of 
Education and Research in Developing Countries 


Tam deeply honored and appreciate the opportunity given to me to spea 
this distinguished audience today. For this, } am indebted to the C 
Development Agency, the University of Ottawa, and the Canprep Organizat: 

Canada is a major world power, which, in the words of its Foreign Mi 
accepts internationalism as one of its foremost national values. Canada is né: 
us in the developing world because like us, its prosperity depends on 
commodities — agricultural products, metals, minerals and fuel, which consti 
46% of its total exports. And Canada is one of the few countries where scien 
research is accorded a high priority at the national, as well as the internati 
level. The support given to sciences by CIDA amply testifies to this. Als 
is nothing elsewhere like the prestigious International Development R 
Centre created by men of vision like Maurice Strong, David Hopper anc 
Ivan Head, with its remarkable record of achievements in stimulating st 
and technological research in the developing world. = 


1 am honored to speak to this forum, which has been organize 
expatriates. What makes me particularly happy is that, besides the: 
encouragement of their host country (whose life they enrich), the expatri 
also being encouraged by their own country of origin. 

Psychologically, an expatriate, particularly in the first generation; 
feels passionately and possessively, even neuroucally, for his country of ori 
This is because to make oneself an exile from one’s country, to cut off. 
personal and cultural roots, is a traumatic experience. One is always kee 
those adverse circumstances, which forced one to make that agonizin cl 
are eliminated. 

But the fact that an expatriate’s country of origin should be willing to 
his professional help and that the United Nation’s Agencies, like UNDP 
organize this, through programs like TOKTEN, is a new feature: 
international climate, which till recently did not obtain. Not long. a; 
expatriate was essentially an outcast so far as official attitudes were conce 
His economic help may have been welcomed, but by and large, not 
Excerpts from the lecture delivered under the auspices of the Canadian — 
Association for the Promotion of Research and Education in Pakistan and th 
Institute for International Development and Cooperation of the University 
Ottawa, Canada, September 23, 1982. 
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in the nation-building process in his country of origin. Personally, I 
those fortunate few who, though an expatriate from 1954 in the 
dom and Italy, found opportunities for involvement, not only in 
wn scientific development, but also, with Pakistan’s help, 1 

al ventures designed towards scientific development of the Sevclena 
eral. Clearly you have invited me (for its morals) to give you one 
s story, of help he could render to his country’s science and with his 
elp to science in the developing world in general. 

er, before I do this, let me state my major thesis, which I wish to lead 
igh the story of my personal struggles. In presenting this thesis J am 
ng of either Canada or Pakistan. My remarks are general and I hope 
ot be misunderstood. My thesis is simply this: the developing world, in 
‘recent realization that science and technology are the sustenance, and 
mg run, its only hope, has taken to it only as a marginal activity. And so, 
ely, also have the national aid-giving agencies, as well as the scientific 


nical agencies of the United Nations. Donors and donees as well as 
‘Commissions (like the Brandt Commission) speak of nothing else but 
logy transfer as if that is all that is involved. By and large, very few realize 
long-term effectiveness, technology transfers must always be preceded 
ce transfers; that the science of today is the technology of the future; that 
ansfer is affected by and to communities of scientists; that these 
ities need stability, long-term commitment, generous patronage, self- 


ice and free international contacts to grow. Such communities must be 
to grow to critical sizes in the developing countries, they must be visibly 
ad, most crucially, they must be allowed to play a role in nation-building 
partners to the professional planners and the economists. | wish to make 
the development agencies everywhere, that they must take a long-term 
to the growth of science — both basic and applied — in the developing 
s. Through the immense leverage they can exert, they must ensure that 
ate infrastructure is built in the developing countries they help, and that the 
ific communities there are enabled and allowed to play their rightful roles, 
building this infrastructure, as well as in the process of development. To 
sht the role which Agencies like the World Bank or IMF can play, consider 
following quote from a recent biography of the World Bank by E.S. Mason 
.E, Asher: “UNESCO had been providing sensible advice on educational 
ng for years, before the Bank entered the field. ... Sometimes, some parts 
sadvice were accepted. But there was a notable increase in attention given 
tional planning when it became clear that projects ... had some chance of 


here is no question today that the developing world is in the throes of a 
us short-term crisis ~ the crisis of economic bankruptcy. The poorer 
quarters of mankind are increasing their indebtedness to the richer nations 
hundred billion dollars a year as was starkly pointed out at the forum of 
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the World Bank and the IMF at their recent meetings at Toronto. So 
poorest amongst us will not be able to borrow or draw on our reserves. 
words of the prestigious London Economist, “these people will simply starve 


But this short-term crisis is only a part of a longer-term crisis. Our w 
terribly unbalanced in income and in consumption. At least three-quarters 
world’s income, three-quarters of its investment, and almost all of the wo 
research are concentrated in the hands of a quarter of its people. They co 
78% of its major minerals, and for armaments alone, as much as the rest 
world combined. [...] 


In 1961, I was visiting M.LT. for its centennial celebrations. The Scie 
Developing Countries Session was chaired by Professor J. Wiesner, who 
recently been appointed President Kennedy’s Science Adviser. Before m 
speaker was the eminent physicist Professor P.M.S. Blackett, the Head 
Department at Imperial College and the father of operational research: di 
World War II. Blackett’s thesis in his speech was: “All science and’ 
technology which the developing world needs is available in the: 
supermarket of science. Go and purchase what you wish.” Following Bla 
respectfully said his blanket assertion was false in the sense that no degrt 
buying could ensure one could get what one needs. The developing co 
must invest in high-level manpower, if only to examine what is availab 
some understanding and to build upon it. And then I gave the exam 
Pakistan’s salinity and waterlogging problem. Wiesner was mightily intere 
he came to me after the meeting. He. said he would like to help. He per: 
President Kennedy to assemble a team of university scientists, hydrolo; 

agriculturists and engineers, led by Roger Revelle, to advise on Pakistan’s 
logging and salinity. This team visited Pakistan and suggested continuo 
pumping out of saline water to lower the water table, but with the impo 
caveat that the pumping operation must be simultaneous over a contiguous ai 
as large as a million acres — otherwise the quantity of water seeping in from 1 
periphery would exceed the quantities pumped out. Pumping had been trie 
parcels of land smaller than one million acres, but had proved ineffective. Some 
of you may recall that Blackett himself during the last war was called upon; 
suggest to the British Admiralty whether merchant ships should cross 
Atlantic in a few large convoys or small ones — given that the num 
available destroyers protecting against enemy submarines was fixed. Noting 
ratio of area to circumference maximizes with large radius, Blackett 
suggested fewer large convoys rather than many small ones. The Revelle te 
suggestion for Pakistan was a remark equally simple and it equally si 
worked. 

J had accompanied Revelle’s team; I was insistent that the team recommi 
the creation of a permanent ~ if possible an international — research cente 
waterlogging and salinity in Pakistan to monitor the problem continuous 
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Revelle made no such recommendation; nor did the Pakistan 

ccept this suggestion. The result could be foreseen. Twenty years 

the configuration of the water table has dynamically changed. The 

have shifted. Dr. Amir Muhammad Khan, as Chairman of the 

Research Council, is, twenty years later, calling for international 

self-same research center. I hope and pray, this time his efforts meet 

ess. And this need for the well-tried institutional arrangement of a 

aterlogging and salinity in Pakistan brings me back to the question of 

ch centers should be internationally run. The experience in agriculture, 

‘ockefeller-Ford-World Bank run CGIAR Institutes has amply 

hat there is no question but that the developing world néeds 

institutions of this type on the applied side like the Wheat and Rice 

Likewise, the Trieste experience on the physics side. Such 

ally funded, internationally run centers guarantee stability, guarantee 

guarantee keeping abreast of new ideas, guarantee the transfer of 
technology by the very men who created it. Such men will come to 

centers for idealistic reasons, as we have experienced at Trieste. The 

ample is now being copied with the recent setting up of an International 

Mathematics at Nice by- France; by the creation of an International 

‘Physics in Colombia, specializing in photo-voltaic; by an Institute of 
1 Studies in Colombo, specializing possibly in space sciences; by a 
renergy in Spain; by a Centre on mineral and mining technology in 
an international Centre for hydrology, neurobiology and petroleum 
gy in Venezuela. Some weeks ago I had the pleasure of receiving in 
@ representative of Quebec, Professor Jean Martucci, who is located in 
He: was in Trieste to find out more about my Centre, since the 
nt of Quebec is interested in hosting the International Centre on 
shnology, which the United Nations Industrial Development Organization 
foposing to create on our model. This information was music to my ears. 
no question that such an institution would benefit the developing 
in this fast-changing subject. It would also clearly benefit the country, 
s- hosting it. The question about these International Centres always is: 
hould pay for them? 

ience, as in other spheres, this world of ours is divided between the rich 
oor. The richer half — the industrial North and the centrally managed 
humanity — with an income of five trillion dollars, spends 2% of this — 
ne hundred billion dollars — on non-military science and development 
The remaining half of mankind — the poorer South, with one-fifth of 
ne of around one trillion dotlars — spend no more than two billion 
science and technology. On the percentage norms of the richer 
s, we would be spending ten times more — some twenty billion. At the 
Nations-run Vienna Conference on Science and Technology held in 1979, 
¢ nations pleaded for international funds to increase their present 
res of two billion to four billion. They obtained promises of half of this. 
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However when it came to actually creating the so-called Interim Fun 
Science and Technology at the United Nations, it received a total subventi 
forty-eight million dollars from all nations. The major donors w 
Governments of Italy, Norway, Sweden, the Netherlands, the USA 
Switzerland. From two billion to forty-eight million for all science 
technology in the United Nations for all developing countries! 


I would like to conclude with two appeals. 


Since some of my listeners here are the leaders from developing countri 
me address them first. In the end, science and technology amongst us is: 
responsibility. Speaking as one of them, let me say this: The growth of scié 
follows a well-tried pattern, invented in the West, and successfully copied: 
Japan and the USSR, a pattern now being copied by the larger of the developing 
countries like China, Brazil and India. No patchy applications of science 
technology, no patchy transfers of technology will make up for it. We i 
developing world must begin to realize that we must go the whole cycle 
men of science, including the expatriates, are a precious asset. Our nations mi 
learn to prize them, give them opportunities, responsibilities for the scientific 
technological development of their own countries. At present, even the smal 
numbers that exist, are underutilized. However, the goal must remain, firstly. 
increase their numbers — in many cases tenfold — and secondly, to increas 
two billion internally spent on science and technology to twenty billion. Sc 
is not cheap. But the basic science of today is tomorrow’s application: I 
conditions of today, technology cannot flourish without science flourishing 
same time. This was dramatically emphasized to me by a Turkish physicist fr 
the University of Samsun who recalled that Sultan Selim III did introduce stu 
of algebra, trigonometry, mechanics, ballistics and metallurgy in Turkey alrea 
as long ago as 1799 creating special schools for these disciplines with Frenc 
Swedish teachers. His purpose was to modernize the army and rival Euro 
advances in gun-foundries. Since there was no corresponding emphas 
research in these subjects and since the scholarly establishment in the madra 
who called themselves scientists, ’alims, had nothing but contempt for these n 
technological schools — “funun”, Turkey did not succeed. In the long run, in 
conditions of today, technology unsupported by science, simply cannot flour 


My second appeal is to the aid-giving agencies and the internatio 
organizations. 

A world so divided between the haves and the have-nots of science 
technology cannot endure: at present an International Centre for Theoretical 
Physics, with a present budget of four million, is all that is internatio 
available for physics for ninety developing countries. Compare thi 
European joint projects involving physics alone, of half a billion dollars annua 
Compare this with the cost of one nuclear submarine — 3.5 billion dollars. 
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nters like Trieste could flourish for one year for the price of one such 
and at present there are two hundred and fifty nuclear submarines in 
oceans, Somehow, somewhere a break must come. 

n with the funds that the aid-giving agencies do disburse, could one 
armarking, for example of 10% of the total funds, for science and 
with one-half of this devoted to building up the basic scientific 
-and manpower in our countries? This would have to be on a 
and not a year-to-year basis, because science needs continuous 


the modalities for this — and a well-tried modality — is the creation of 
ational Foundation for Science for giving grants to individual scientists 
eloping countries. An International Science Foundation with these aims 
ct created at the suggestion of Roger Revelle, Pierre Auger, Robert 
‘and myself in 1972 in Stockholm. This Foundation is currently 
y Sweden, Canada, USA, Federal Republic of Germany, France, 
the Netherlands, Belgium, Nigeria, Norway and Switzerland. Its funds 
\ for research in the areas of aquaculture, animal production, rural 
ogy and natural products, to individual researchers in developing 
n grants not exceeding ten thousand dollars. Unfortunately the total 
he disposal of this Foundation are two million dollars only. And it does 
t other natural sciences. In this context, and with the Brandt 
ion’s recommendations on technology transfer in mind, in August 1981 
i¢ following letter to Prime Minister Trudeau (and also to all the other 
g Heads of State), just before the Cancun Summit: 

My dear Prime Minister, I understand the technology transfer, with 
mphasis on problems of energy, will be one of the items for discussion at 
forthcoming North-South Heads of States meeting in Mexico. Unhappily, 
st developing countries need help in building up scientific infrastructure at 
vels and Science Transfer must accompany technology transfer if the 
et has to take root in our countries. The scientific community in the North 
nd I am sure will, be willing to help in building up the corresponding 
mmunity in the South, provided it is mobilized for this. 

would therefore like to suggest the creation of a North-South Science 
indation to build up a movement towards Science Transfer, with funds at 
sposal of an order at least similar to those, for example, disbursed by the 
d. Foundation (between one hundred and two hundred million dollars a 
This Foundation should be run by the worid’s scientific community for 
‘arch and training for research, in those basic sciences in developing 
intries which relate to technology transfer. 


220 


and 


Science for Peace and Progress 


On the Prime Minister’s behalf I received the following reply: 

Your proposal for a North-South Science Foundation is an inter 
concept. Canada recognizes the importance of science and techniolc 
transfers to developing countries, and the need for indigenous scientific 
technological capabilities if these transfers are to be successfully explo 
As you are no doubt aware, the Canadian Government in 1970 estab 
the International Development Research Centre (IDRC) specificall 
address these issues. The IDRC has shared your view that the most effe 
way to provide developing countries with science and technology best sui 
to their needs is to enable those countries to carry out their own research 
train their own scientists in the process, and to share the resulting knowle 
as widely as possible. The Canadian Government is committed to substa 
increases in IRDC funding. 


I am looking forward to discussing with IDRC the flowering of these d 
the expatriates’ possible role in their realization. 0 
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m of Cultures in Spain 


ave done me a great honor today. Since it is a personal honor which 
bestowed on me, forgive me if I respond in a personal manner. 


eight years of age when I started to dream about Spain. I was given a 
i¢ Tales of Alhambra by Washington Irving in translation in my native 
Urdu. It was the quality of magic which suffused the tales which 
me — the magic which, according to Irving, has held the fortress of 
‘under a spell so that in defiance of storms and earthquakes, while all 
ring buildings fell to ruins, the palace and the fortress survive. It is a 

Hl which will last till such time as that gigantic hand which is engraved 
festibule on the keystone of the portal descends to grasp the gigantic key, 
below the hand. 


sited Alhambra for the first time in 1955 and then again in 1981. If 
, the feeling of magic has enhanced for me with each visit. Added to the 
‘Alhambra’s grace and its incredible beauty, has been the magic of 
indscape and particularly the landscape around Granada - so similar in 
my country’s own North-West Frontier — a landscape “consisting of 
“mountains destitute of shrubs, mottled with variegated marbles and 
yet with verdant valleys lying in their midst, where the desert and the 
trive for mastery and the very rock is, as it were, compelled to yield the 
orange and the citron and to flourish with the myrtle and the rose.” 


ing 1981 I also visited Madrid, Toledo, Siguenza and Cordoba. And then 
ed that this quality of magic was not confined to Alhambra alone. It 
d the whole landscape and the people and it derived from a unique mixing 
an, Arab-Islamic and Jewish cultures which Spain achieved during the 
ries. Its reminding in these troubled days can be one of Spain’s greatest 
o mankind. 


e as a scientist, the significance of this unique fusion of cultures in 
3 in that it led to one of. the most important episodes of 
tionalization of sciences in human history. This internationalization came 


ddress on the occasion of Honoris Causa, Universidad Complutense de 
January 28, 1983. 
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to its highest flowering in the Toledo school of learning and research in th 
and 13th centuries. And it was the inspiration of this school which led 
founding of an International Center for Theoretical Physics at Trieste i 
Through this Centre, I have been privileged to work for Spanish science: ‘as 
as for science in the developing countries. 


As you know, Toledo was a part of Arab Spain for more than three an 
centuries — from 712 to 1085. It was a center of Arab learning and scholar: 
1085, Toledo was conquered by Alfonso the VI of Leon and Castile. Tol 
that time, had a mixed population of Christians, Arabo-Iberians, Jews, Mc 
and Mudejars, who felt as one people, notwithstanding the differences « 


languages, faiths, and cultures. The conquest of Toledo by Alfonso gave it 
role — as a center for direct transmission of knowledge to Western Europ 
role was encouraged by the wise Archbishop Raymond I (1126-115 
gathered around him a school of translators, translating from the scientif; 
then available in Arabic in Toledo and in the rest of Spain. Arabic w; 


language of science, with three hundred years tradition of scientific creat 
behind it. The translations were made from Arabic to Castilian and then: 
Castilian to Latin. The greatest of these translators were Domingo Gau 
and John of Seville. With them joined men from other parts of Europe; 


them, Herman the Dalmatian, and Robert of Chester who translated th 
Qur’an, the algebra of Al-Khwarizmi, besides the latest Arabic texts on me 


physics, optics, chemistry, mathematics, geography, philosophy an 


biology. In addition, there were translations from Arabic into Hebr 


Abraham ibn Ezra and Abraham Bar Hiyya. These Jewish translators did f 
brothers in the rest of Europe (who unlike the Spanish Jews, were igno 
Arabic) exactly what Spanish translators were doing for Europe in general 


was the tradition of Jewish scholarship modernized in sciences, at that epo 


A generation after this, in the early thirteenth century, to Spain ca 
Englishman Alfred Sareshel, and the Scotsman, Michael the Scot. The stot 


Michael the Scot has always fascinated me; as his countryman Sir Walte 


reminds us, Michael the Scot acquired the reputation of a wizard. 
A wizard of such dreaded fame, 
That when in Salamanca’s cave, 


He lifted his magic wand to wave, 


The bells would ring in Notre Dame. 


To me Michael has been the symbol of a scholar from a then dev 
country who left his native glens to travel south to Toledo as part of 
drain. [...] 


As I said before, Toledo’s school, representing as it did the finest synth 
Arabic, Greek, Latin and Hebrew scholarship, was one of the most memor 
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al assays in scientific collaboration. To Toledo came scholars not only 
ch countries of the East, but also from developing lands of the West 
and. Then, as now, there were obstacles to this international scientific 
with an economic and intellectual disparity between different parts of 
Men like Michael the Scot, were singularities. They did not represent 
shing school of learning in their own countries. 


enriched European scholarship making available to it the treasures, not 
Aristotle and other Greeks, translated from Arabic, but also the newer 
created by Ibero-Arab scientists in the South of Spain. For, from the 9th 
nwards, South Spain was not just an outpost of scientific culture which 
d in the Middle East, it was in the forefront of scientific creativity. The 
‘this creativity was Cordoba where the Caliph Al-Haken II (961-971) 
passed a library collection of 400,000 manuscripts. During his reign 
d Abul Qasim (Albucasis), the great surgeon, and the Jewish Physicians 
n Shaprut and Ibn Gabriel. The medical tradition built by these great 
men of medicine, flourished during the next hundred years, maintained 
Tbn-Zuhr (Avenzoar) family. Ibn-Zuhr lived in Seville where he was born 
0 and died in 1162. His three books, Kitab-al-Igtisal (the book of 
‘utics and hygiene), Kitab-al-Taisir (the book of prescriptions), and Kitab- 
diya (the book of diets), in their Latin translations, maintained their 
ce on European medicine until the 17th century. But the greatest name in 
tradition was that of Ibn-Rushd (Averroes) who was born in Cordoba in 
Averroes is today more known for his philosophy and his influence on the 
ical thinking of Thomas Aquinas. But in his day, his Kitab al-Kulliyat fil- 
as the great medical encyclopedia. And then there was Ibn Rushd’s near 
orary, the greatest Jewish physician and philosopher, Maimonides (Musa 
aimun), who was born in Cordoba in 1135 and died in Cairo in 1204, as a 
hysician of the great Saladin. Some thirty years later, Spain produced one 
world’s greatest botanist and pharmacist, Ibn-Al-Baitar. The tradition of 
nce in medicine continued till a hundred years later, with the work of Ibn- 
b (1313-1374) and his contemporary the physician Ibn-Khatimah. These 
*n gave the earliest account of the Black Death and deduced that its spread 
ie to contagion. It is no accident that Spain has remained pre-eminent in 


he, neurophysiology and surgery. 


could recount a parallel story of achievement in mathematics and 
my. For example, in Toledo, was developed the area of sophisticated 
fic. instrument making. In particular in the 11th century At-Zarqali (1029- 
invented an improved form of Astrolabe, compiling the famous Toledan 


But to get back to the role of Spain and particularly Toledo, in respect of 
mitting to Europe in the 12th and 13th centuries the stock of humankind’s 
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scientific knowledge then existing in Arabic, one may, without hesitatio 
that without this transmittal, there would have been no Renaissance, and p 
no science, as we know it today. As Heaton in his Economic History of E 
has remarked: “If the North wanted the best in science, medicine, agric 
industry and civilized living, it had to go to Spain to learn.” And it did. Sc 
from England, Scotland, Scandinavia, Germany, France, flocked to Spain to 
science. This transmittal needed a toleration of Arab scholars at Christian 
and Christian scholars at Arab courts. It needed a largeness of spirit: 
security for men of science, even in time of political and military conflict. 
instance of this toleration, you may have remarked on the number of : 
names, among those which I have mentioned, at Muslim as well as Ch 
courts. I have, for example, recounted the work of Abraham ibn Ezr. 
Abraham Bar Hiyya at the Christian court of Toledo and the work of Ibn- 
Ibn-Shaprut and Maimonides at Arab Cordoba. Is it not significan 
Maimonides wrote his greatest work on Jewish theology — the Guid 
Perplexed — in Arabic? It was only later that it was translated into Hebrev 
of his pupils. There could be ‘no greater tribute to the spirit of that ren 
Age in Spain. 


What is the relevance of this story for today? Speaking narrowly on bel 
the developing countries, which include countries of Latin America, as 
those in Africa, the Middle and Far East, one must state that there is 
prerequisite for this acquiring of sciences. This prerequisite is the availabili 
accessibility of places like Toledo for international scientific concours 
one can light a candle from a candle burning brightly there. National unive: 
in the advanced countries used to perform this function in the 19th and earl 
centuries. I say it with sorrow, but unfortunately, opportunities for intern 
scientific concourse: at national centers of learning are shrinking with 
restrictions in the traditional countries like the UK on the acceptance of ov 
scholars, particularly those from the developing countries. When I was a 
at Cambridge, the University fees amounted to no more than £70 per. ye 
1983, they will be £3,500 — an increase by a factor of fifty. The Tole 
yesterday are becoming hedged around, at the least by economic fences. Un 
this trend is arrested, it is becoming increasingly clear that the world wil 
centers of science run internationally by organizations like the United Nat: 


One such center, whose creation I had the privilege of suggesting to 
Board of the [AEA in 1960, is the International Center at Trieste. This center 
set up in 1964 and since then, we have had the privilege of welcomi. 
three hundred Spanish physicists to workshops for research; some as dire 
others as participants. Some of whom are here in the audience today; I h 
privilege of knowing them first at Trieste. ... 
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este mode] is now being copied at other places. For example, there 
{ up at Nice an International Centre for Mathematics, created by the 
sovernment. There have recently been created a Centre on Fundamental 
n. Sri Lanka; a Centre for Physics in Colombia; a Centre in Venezuela. 
ad the privilege to attend a meeting in Siguenza, where the suggestion 
) set up an International Centre for Energy Sciences which would 
sh, English, as well as Arabic as its working languages, located 
Toledo. A center like this, operating on the scientific and 
ological level is desperately needed by the developing world. None exists at 
this crucial field. 


onchude, Spain, in its great past, showed humankind how a fusion of 
can be effected; it created a civilization whose quality I can only 
y referring once again to the magic of Alhambra and Toledo. Mankind 
¢ reminded once again of this spirit of basic toleration for basic values 
zation, respected, so far as scientific scholarship is concerned, cven at 
mnflicts, {...] 9 


rary Degree, Aligarh 
versity, India, 1981 . 


49. Honorary Degree, University of Madrid, 1983 
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The Gulf University and Science in the 
Arab-Islamic Commonwealth 


“Allah is He who made (it possible) for you (to acquire) mastery: 
oceans; thus (your) craft can ply thereon, with Allah’s command — Allah 
who gives you subjection over all that is in Heaven and on Earth: H 
Allah’s signs for people given to reflection.” (Al-Qur’an, 45:12-13) 


Tafakkur and Taskheer (Science and Technology) 

I have quoted these verses from the Holy Qur’an for they speak 
concepts of “Tafakkur” and “Taskheer” together in the same place. _ 

Tafakkur is the reflection on, and discovery of, the laws of Nature 
taskheer is the acquiring of mastery over Nature through technology. Bi 
these, throughout the ages, have been the shared urges of humankind. 
glory of Islam that the Holy Qur’an, by repeated injunction, enjoins theit 
as a bounden obligation on the Muslim community. And as in the verse: 
there is the emphasis that tafakkur and taskheer (science and technology) 
distinct; they form parts of the same spectrum. : 

Following these injunctions, barely a hundred years after the Proph 
the Muslims had made it their task to master the then-known science 
feverish haste, but systematically, they translated the entire corpus of 
known knowledge in their religious language, Arabic. Founding insti 
advanced study (Bait-ul-Hikmas) and prestigious universities «(like 
Nizamiyyah), particularly in this part of the world, acquired an ascendai 
sciences that lasted for stx hundred years. 


The Level of Scientific Creation in Islam 

A semi-quantitative measure of this is given by George Sarton 
monumental History of Science. Sarton divides his story of th 
achievements in science into Ages, each lasting fifty years. With 
associates one central figure: thus, 500-450 BC is the Age of Plato, follc 
the Ages of Aristotle, Euclid, Archimedes and so on. From 750 to: 110f 
however, it is an unbroken succession of the Ages of Jabir, Khwariz: 
Masudi, Abul-Wafa, Biruni and Omar Khayam. In those three hundred ¢ 
years, Arabs, Turks, Afghans and Persians — chemists, algebraists, ‘cl 

Paper presented at the Symposium on the Future Outlook of the 
Arabian Gulf University, Bahrain, May 11, 1983. 
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mathematicians, physicists and astronomers of the commonwealth 
eld the world stage of sciences. Only after 1100 AD, in Sarton’s 
the first Western names begin to appear; however, for another two 
fifty years, they only share the honors with men of Islam like Tbn 
ir-ud-Din Tusi and Ibn Nafis. 


rk the level of this achievement and to emphasize the originality and 
ence in Islam, I shall take my own subject of physics as an example. 
‘the views of the Greeks — and I quote from H.J.J. Winter’s Eastern 
‘Ibn Sina (Avicenna, 980-1037 AD) regarded light as an emission by 
nous sources of particles traveling at finite speed; he understood the 


heat and force and motion.” His contemporary, one of the greatest 
of all time, Ibn al-Haitham (Al-Hazen, 965-1039 AD), who started 
iearby Basrah and then migrated to Egypt, made experimental 
ns of the highest order in optics and “enunciated that a ray of light, in 
ough a medium, takes the path which is easier and quicker”. In this he 
pating Fermat’s Principle of Least Time by many centuries. He 
od the law of inertia, later to become Newton’s first law of motion, and 
the process of refraction in mechanical terms by considering the 
of “particles of light” as they passed through the surface of separation 
lia, in accordance with the rectangle law of forces (an approach later 
d and elaborated by Newton). 

izini of Merv (12th century AD) in a remarkable treatise entitled The 
i Balance of Wisdom worked out a theory of universal gravity directed 
the center of the earth; he was also responsible for the assumption that 
veight and for original works on capillarity. Qutb-ud-Din al-Shirazi 
1 AD) and his pupil Kamal-ud-Din gave the first explanation of the 
‘stated that the speed of light is in inverse ratio to the optical, rather than 
al, density of the medium, and that hyperboloidal lenses avoid 
‘aberration. 

ssing this work, let us not forget that most of these men were only 
physicists. They were universalists — physicians, astronomers, 
hers, poets and even theologians at the same time. 

is recital, I have not mentioned Al-Biruni (973-1048 AD) who, working 
anistan, was a great experimenter like his contemporary, Al-Hazen. He 
dern and as unmedieval in outlook as Galileo, six centuries later, with 
¢ shares the independent (prior) discovery of the so-called Galilean 
e of the laws of Nature ~ the liberating statement that the same Laws of 
pply here on earth and on the starry-orbs in the heavens. 

é mentioned some of the great new ideas in physics due to the Muslims. 
all science, the bulk of the scientific work in Islam is not a record of 
se universal luminaries did; it is painstaking, slow accumulation of data, 
ted with critical examination, exposition and commentary on the work 
yeers. As Brian Stock has remarked in his perceptive review Science and 
zy and Economic Progress in the Early Middle Ages, “The most 
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remarkable feature is that science in one form or another was the part 
full-time occupation of so large a number of intellectuals.” Conside: 
respect the following extract from the entry under “Euclid” in AL-N 
Catalogue of Sciences, the Fihrist: “(The Elements) was twice translat 
Hajjaj Ton Yusuf Ibn Matar: one translation, the first, is known under the 
Harunian, while the other carries the label Ma’munian and is the one to 
and depended on. Furthermore, Ishaq Ibn Hunayn also translated the 
translation in turn revised by Thabit Jbn Qurra Al-Harrani. Moreo 
’Uthman Al-Dimashqi translated several books of this same work; Ih 
the tenth in Mosul, in the library of Ali Ibn Ahmad Al-Imarani (one | 
pupils was Abdul-Saqr Al-Qabisi, who in turn in our time lecture: 
Almagest). Al-Nayrizi also commented upon it, as did Al-Karabisi. Fur 
Jawhari wrote a commentary on the whole work from beginning to end. 
commentary on Book V was done by Al-Mahani. Furthermore, Abu J 
Khazin Al-Khurasani composed a commentary on Euclid’s book, as d 
Woafa, although the latter did not finish his. Then a man by the nam 
Rahiwayh Al-Rajani commented on Book X, while Abul-Qasim. A 
commented on the whole work. Further, a commentary was made by § 
Ali, and Book X was commented upon by Abu Yusuf Al-Razi. 
meticulousness, no wonder one of the earliest scientists to worry about 
axiom of parallels was Nasir-ud-din Tusi.” 
As Stock remarks: “Al-Nadim’s catalogue is complete. ... Howeve 
one aspect of Mathematics he omitted, this was the practical.” Nadim di 
that the diffusion of Hindu-Arabic numerals and the decimal position: 
was brought about by trade. Nor did he mention that Muslim mathemat 
a much greater degree than the Greeks; interested themselves in’ i 
problems. Masha’ allah, the noted astrologer (d. ca. 815-20 AD), was the ai 
of a treatise on commodity prices. Abul-Wafa combined original work on E: 
and Diophantus with books bearing such titles as What Is Necess 
Geometrical Construction for the Artisian. In these works, the theory w 
the examples were new. One may doubt that the most refined theory per 
commercial circles, but “commerce stimulated the theorists and oriente 
towards the concrete”, Such was the temper of the Islamic Society 
Sciences as related to their Applications to Life - Tafakkur and Taskhe 
context, one may quote Sarton again: “The main, as well as the least 
achievement of the Middle Ages was the creation of the experimental sp 


this was primarily due to the Muslims down to the 12th century.” 


In planning for the super-University of the Gulf States, we heard yeste: 
this meeting an exposition of this new institution as a possible univer 
technology (taskheer). Today, I shall be emphasizing the other side of th 


the aspects of tafakkur (science), which lie at the heart of all modern tech 


I wish to emphasize that in the context of the Arab-Islamic Commonwe 
Nations, we must also give the highest priority to the creation of science 
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tline the steps we need to take, both in regard to the evolution of the 
sity at Bahrain as well as outside it, if we are to regain our rightful 
@ place among the comity of nations. The proposed University in 
rightly placed to help achieve this pre-eminence in sciences as a pre- 
for: pre-eminence in technology. Just as Bahrain has successfully 
he highest traditions in sophisticated banking in a short span of time, I 
0 has the potential to develop sciences, through the establishment of 
xcellence at the proposed University. From ancient times, Bahrain has 
¢ crossroads of civilizations and cultures with a tradition of nurturing 
of new and venturesome ideas — a prerequisite for the developing 


asent Picture of Sciences in Islamic Countries 
is the picture of science and technology in the Islamic Commonwealth? 
ses of identification, the Arab-Islamic peoples fall into six geographical 
‘irst and foremost are the nine countries of the Arabian Peninsula and 
‘The second region consists of the Arab northern tier: Syria, Jordan, 
the Palestinian West Bank and Gaza. The third region comprises 
Muslim Central Asia, Iran, Afganistan and Pakistan. The fourth (most 
egion consists of Bangladesh, Malaysia, Indonesia, plus the Muslim 
in India and China. In the fifth region are the Arab countries of North 
hile the sixth region would comprise the non-Arab African countries. If 
ler the present enrollment in scientific and technological education in 
year age group at the universities as an index of high scientific 
‘the Islamic countries average 2% of the relevant age group compared 
tms of around 12% for the developed countries. A similar ratio of 1:6 
also in respect of GNP expenditures on scientific and technological 
and development. No detailed statistics of numbers of those engaged in 
fied research are available. However, in the Background Paper submitted 
t meeting of the Organization of Islamic Conference, which was held in 
ad during May 10-13, 1983, a figure of around 45,136 research and 
ent scientists and engineers was given for the entire Islamic world, 
ed to one and a half million in the USSR and four hundred thousand in 


cording to Zahlan, an analysis of these and similar figures reveals that so 
hysics is concerned, the Arab-Islamic community is around one-tenth in 
one-hundreth in scientific creativity in research publication, compared to 
rational norms. Pakistan, which is one of the most advanced Islamic 
s in Physics, has nineteen universities, but only thirteen Professors of 
nd a total of forty-two Physics PhD teachers and researchers in all its 
ties — this for a population of eighty million. In comparison, the 
onding numbers at one College at one University in the United Kingdom 
perial College of Science and Technology — are twelve Professors and 
dred researchers, 
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These figures are dismal; what makes them more dismal is the unfor 
fact that our scientific effort is isolated from international science. As a me 
of this, it is amazing but true that with the exception of Egypt, which is a me 
of sixteen Unions, no other Arab or Islamic country uniformly subscribes to 
than five International Scientific Unions in the diverse subjects of sci 
international centers of scientific research have been created or are located. 
our confines; few international scientific conferences are organized the 
few of us, if living and working in our own countries, are privileged to tr 
scientific institutions and meetings outside; such travel, as a rule, is con 
wasteful luxury. The situation is a little better in Arab OPEC count 
dismal in non-Arab Islamic lands. It was this isolation, which prompted 
propose the creation of the International Centre for Theoretical Physic 
others do not make exiles of themselves if they wish to keep themselves: a 
of newer developments in their subject. This Centre belongs to two: 
Nations Agencies — IAEA and UNESCO; some one hundred and sever 
Arab and Muslim physicists (out of around 1000 from developing countrie 
supported at the Centre every year. Of these, twenty-five are supported 
Kuwait Foundation for Science and Kuwait and Qatar Universities; the re 
with funds provided by IAEA, UNESCO or the benefactions I can secu 
Italy or Sweden. 

To give an outside observer’s assessment, writing in the prestigious Sc 
journal, Nature, of March 24, 1983, Francis Giles raises the question: . 

What is wrong with Muslim science? This is what he says: “At its pe: 
one thousand years ago, the Muslim world made a remarkable contribt 

science, notably mathematics and medicine. Baghdad in its heyday and s 

Spain built universities to which thousands flocked: rulers surrounded th 

with scientists and artists. A spirit of freedom allowed Jews, Christians and Mu: 

to work side by side. Today all this is but a memory. 

Expenditure on science and technology may have increased in rece 
though that increase has been, perforce, limited to oil-rich countries. Som 
countries are busy fighting wars which cost billions of dollars — no doubt they 
little time for science. Trade structures are dominated by imported technol 

most countries have economic and scientific systems geared to imitation r: 

originality, 

Even the recent wealth provided by oil exports makes relatively little difi ei 
science policy and politics, much to the displeasure of many scientists, are: iG 
linked in the Middle East. The region is dominated by dictatorships, benevol 
otherwise, further complicating any attempt to allow science to take 

indigenously. Not surprisingly, the brain drain to industrialized countries c 

to debilitate intellectual life throughout the Middle East. 


The same issue of Nature contains another article on “Research Manpow 
Israel” from which I quote: “The need for a substantial increase in the num 
academically trained people to work in research and development is wid 
accepted. The National Council for Research and Development has urged 
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itry will need 86,700 such people in 1995, compared with 34,800 in 
increase of 150 percent.” Compare the figure of 34,800 with 45,136 
ers'in all Islamic countries (the population ratio is around 200). The 
continues: “In the 1960s, Professor Derek de Solla Price of Yale 
developed a method for measuring scientific manpower in various 
based on the total number of researchers who had papers published in 
rofessional journals and concluded that in this country, there are five 
many scientists as would be expected for its population and gross 
roduct. Price insists that the situation is no different today; the country 
ses an enormous reservoir of trained people, something for which she 
reason to be grateful because her scientists and technicians more than 
te for the lack of oil and minerals.” 


: New Gulf University 
this bleak picture of science in the Arab-Islamic Commonwealth, is it 
nder that the prospect of a super-University in the Arab-Islamic lands 
me, first and foremost to remedy the situation in the pursuit of the 
nal basic sciences of Physics, Chemistry, Mathematics and Biology and, 
ghest levels, as a prelude to sciences in application. My vision is that of 
ous universities and science arising — perhaps one in each of the six 
of Islam — the new Gulf University among them, consisting of centers of 
ice, second to none in quality in the world, in one or more of the scientific 
lines, experimental and theoretical. These centers would be open 
jonally, their facilities would be among the finest in the world, the 
ities of their operation non-bureaucratic. And there would be guaranteed 
al ‘access to these centers and their facilities for all researchers within the 
Islamic Commonwealth, so that the poorest faculties in the poorest of the 
lamic countries can also keep in touch with living science through using 


men to staff such facilities would come internationally, but in particular 
¢: seventh region of Arab-Islamic science. This region consists, in 


eir- active contact. ‘This will happen provided we create here the 
is which prevailed in the days of early Islamic science, particularly in 


e Reasons for Muslim Pre-Eminence in Sciences before 1000 AD 

for the Subsequent Decline 

were the conditions which helped the Muslims develop sciences at a 
rate in the eighth, ninth, tenth and eleventh centuries? What were the 
for their pre-eminence? One may think of three: first and foremost, the 
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Muslims were following the repeated injunctions of the Holy Qur’an 
Holy Prophet. According to Dr. Muhammad Aijazul Khatib of Dam. 
University, nothing can emphasize the importance of science more tha 
remark that “in contrast to 250 verses which are legislative, some 750 ver 
the Holy Qur’an — almost one-eighth of it — exhort believers to study Natur 
reflect, to make the best use of reason and to make the scientific sae 
integral part of the Community’s life.” 

The second reason, which is connected with the first, was the status acc 
in Islam to men of knowledge and science — the ’alims. The Holy Q 
emphasizes the superiority of the ’alim, the man possessed of knowledgt 
science, by asking: how can those who do not possess these attributes 
equal to those who do? 

The Prophet of Islam said: “The quest for knowledge and scien 
obligatory upon every Muslim, man and woman.” He enjoined his follow 
seek ’ilm even if they had to travel to far Cathay in its search. Clearly 
context of China, he was emphasizing science and not religious knowl 
besides pointing out the internationalism of the scientific quest. : 

This brings us to the third reason for the success of the scientific enterp 
Islam: its international character. The Islamic Commonwealth itself cut a 
nations and color, moreover, early Muslim society was very tolerant of men, 
outside it, and of their ideas. 

An aspect of this reverence for the sciences in Islam was the patrona 
enjoyed in the Islamic-Arabic Commonwealth. To paraphrase what H.A. 
has written about Arabic literature to the parallel situation for the sciences 
greater extent than elsewhere, the following of the sciences in Isla 
conditional on the liberality and patronage of those in high position 
Muslim society was in decay, science lost vitality and force. But.so lon 
one capital or another, princes and ministers found pleasure, profit or rep 
in patronizing the sciences, the torch was kept burning.” 

This situation did not last indefinitely however, and after 1100 AD sci 
Muslim lands started to decline. By 1350, the decline was almost complete 


Why did we in Islamic lands lose out? 

No one knows for certain. There were indeed external causes, lik 
devastation caused by the Mongols, but grievous though it was, it was 
more in the nature of an interruption. Sixty years after Genghis, his gr 
Halaku was founding an observatory at Maragha, where Nasir-ud-din 
worked. In my view, the demise of living science within the. Is 
commonwealth was due more to internal causes of discouragement to innoy 
taqlid and of isolation of our scientific enterprise. 

To emphasize this, consider Imam Al-Ghazzali’s (1058-1111 
injunctions in the first chapter of his great Ihya-e-'Ulum-ud-Din (The Reviv 
Religious Sciences). Imam Ghazzali laid stress upon the acquiring and cre 
of those sciences, which are necessary for the development of Islamic sox 
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entioning Mathematics and Medical Sciences. He designated these 
ard Kefayah — an obligation for the whole community, but one, 
be discharged on its behalf by a certain number of its members, 
the entire community would consist of transgressors. In his Al- 
‘al-Dailal, the Imam says, “A grievous crime indeed against religion 
mmitted by a man who imagines that Islam is defended by the denial 
ematical Sciences, seeing that there is nothing in the revealed truth 
these sciences by way of either negation or affirmation, and nothing 
Sciences opposed to truth of religion.” These injunctions 
ding, soon after Imam Ghazzali wrote, the temper of the age had 
; from science, either to Sufism with its other-worldliness or to a lack 
and taglid in Sciences as in other fields of learning. {...] This 
isolation continued — even during the great empires of Islam, the 
Osmani Turks, of the Iranian Safvis, and of the Indian Mughals. It is 
Sultans and the Shahinshahs were not cognizant of the technological 
ing made by the Europeans; they could hardly have been unaware of 
e superiority of the Venetians or the Genoese in the art of gun- 
r of the navigational and ship-building skills of the Portuguese who 
the oceans of the world, including all oceans bordering on Islamic 
even the Hajj sea routes. But they never seem to have realized that 
nal skills of the Portuguese were not accidental; these had been 
ally developed and sedulously cultivated starting with the research 


nent of Sagres set up in 1419 by Prince Henry the Navigator. 

ven when they envied and sought the technologies involved, they failed 
tand the basic interrelation between sciences and technology. In 1799, 
ple, Selim III introduced the modern studies of algebra, trigonometry, 
s, ballistics and metallurgy into Turkey — and imported French and 
teachers — so as to rival the European skills of gun-founding. But he 
accent basic scientific research in these subjects, and Turkey never 
) with Europe. 


y years later, Muhammad Ali in Egypt had his men trained in the arts of 


and prospecting for coal and gold. But it did not strike him, or his 
rs, to train Egyptians long-term in the basic sciences of geology. Even 
when we have come to recognize that technology is the “sustenance” and 


ichiavellian, one might discern sinister motives among those who try to 
e idea encapsulated in the catchphrase “technology transfer” without 


34 


234 Science for Peace and Progress 


Science Transfer and Technology Transfer 

Let me elaborate on this theme, for this is central to what I want-to 
shall illustrate through some: historical, as well as recent, examples: 0 
scientific research impinges on modern technology. 

My first example is Faraday’s unification of electricity and magt 
accomplished in the last century. Before Faraday, one thought of the elect 
the magnetic forces as two distinct forces with no interrelation between 
Electricity was typified by the phenomenon of thunderstorms; magnets \ 
magnets, deflected by the earth’s magnetism. Faraday, experimenting in hit 
sciences’ laboratory at the Royal Institution in London’s Piccadilly, di 
an amazing interrelation between these two disparate forces. Move an elec 
charged object in the vicinity of a magnet, and the magnet suffers deflecti 

The conclusion of this and similar experiments was inescapabl 
sensational. The magnetic force is not an independent force; electrically 
objects produce electric forces when they are stationary; they give 1 
magnetic forces when moved. Electricity and magnetism had been unit 
unified — this was one of the greatest discoveries in Physics of all tim 
when Faraday was making his experiments, no one could have imagined th 
simple Physics discovery in a laboratory in a fashionable and dilettante: 
London would lead to the entire corpus of the electrical power generation 

Just to emphasize how relatively useless Faraday’s work was though' 
by his contemporaries, consider the assessment of one of them, Charles B 
of the uses of electricity versus music. “Electricity is universally allowed ‘t 
very entertaining and surprising phenomenon, but it has frequently. 
lamented that it has never yet, with much certainty, been applied to an 
useful purpose ... (while) it is easy to point out the humane and im 
purpose to which music has been applied. Many an orphan is cherished 
influence, and the pangs of child-birth are softened and rendered less dan 

The story of unification of electricity with magnetism continues 
Maxwell who immediately followed Faraday. Maxwell asked himse 
question: Faraday has shown that moving electric charges produce magn 
forces, what would happen if electric charges were accelerated rather than 
with uniform velocity? Maxwell pondered theoretically on this question 
found Faraday’s equations inconsistent — they had to be modified if el 
charges were accelerating. By one of the greatest acts of intuition in intell 
history, he supplied the correct modification and discovered, to his amaze 
that an accelerating electrically charged object must emit electromagn 
radiation. He could compute the velocity of this radiation — again to his surp 
this velocity turned out to be identical to the velocity of light, then known 
fair precision from experiment. Could light be electromagnetic rad 
produced by accelerating electrical charges embedded inside incandes. 
matter? Could we accelerate electrically charged particles in the laborato 
produce light? Could we verify Maxwell’s theory directly in the laboratory? 
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ars after Maxwell’s death in 1879, Hertz in Germany carried out 
ents with accelerating electric charges. Every one of Maxwell’s 
was found correct; the spectrum of Maxwell’s predicted radiation 
t only of light waves, but also of waves of longer wave length (radio 
ell as waves of shorter wave length (X-rays). Thus, from a single 
alculation done by an obscure professor at the Cavendish Laboratory 
ory endowed not by the State, but by a private individual, Lord 
and his family — flowed the marvels of radio, television and the 
mmunication systems, as well as the medical facility to see through a 
dy with X-rays. These discoveries we in Arab-Islamic lands employ in 
“along with the rest of mankind, hardly acknowledging the debt 
wes to that modest physicist, Maxwell, and his solitary calculations. 
hundredth anniversary fell due in 1979, some six men congregated 
iversity of Glasgow at his grave and that was all the homage the 


ext example is that of fission. This is the breaking apart of a heavy 
ight nucleus, like uranium, into two or more fragments when impacted by 
inoving projectile like a thermal neutron. No one was looking for it — no 
ected it. The great Italian physicist Fermi, working in the dingy 
es of the Department of Physics at the University of Rome, could have 
se fission fragments in the debris deposited in his test tube, for they 
e, but he was not looking for such fragments and missed them. The 
ion was rediscovered in Germany at the Kaiser Wilhelm Institute for 
nces in December 1938 — not by physicists but by two nuclear chemists, 
Strasseman. In their paper, the authors said, “As nuclear chemists who 
e to physicists, we are reluctant to take this step that contradicts all 
s experiences of nuclear physics.” With this humble announcement began 
f nuclear energy for peace and for war. The equipment, the apparatus 
‘as so simple, even a humble laboratory in a poor Arab-Muslim country 
ve afforded it. Today, in the context of nuclear energy, European, 
an, Russian, Japanese and Chinese laboratories are experimenting with 
menon of fusion — the taming of the energy release in a hydrogen- 
. These are at present laboratory experiments; as yet not commercial 
gy. The European nations have together created a joint laboratory — JET 
Jham in the UK. The UN Agency, IAEA, is projecting a joint device for 
ld; to my knowledge, no Arab-Islamic nation has yet asked to join this 
With Russian help, Libya has had the foresight to set up a small 
ak device in Tripoli for experimentation in this field, but has not yet 
J the modalities through which teams of experimenters from Arab-Islamic 

frican countries could come and use this device. The Centre at Trieste 
24 y provides theoretical workshops for this, led by men from the prestigious 
oties of the world; at present, this provides one of the few entrees for 
slamic physicists to this field. 
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My next example is in the area of biotechnology. As is well-know 
modern advances in genetics started with the unraveling of the genetic co 
Watson and Crick. In the synthesis it has provided in giving the basis f 
known life, this has been one of the most synthesizing discoveries of the 
century, possibly of all time. 

The great discovery in biology was made at Cambridge in April 1953 b 
contemporaries of mine, one American, the other British — working 
Cavendish Laboratory for basic physics. One of my American pupils for Ph.D 
theoretical physics, Walter Gilbert, with whom I work on dispersion pheno 
was a neighbor of the genetic code’s American co-discoverer, J.D. Wats 
Cambridge. When Gilbert left me in 1956 after his Ph.D., both he and Wat 
went back to Harvard. The next time | saw my pupil, Gilbert, was in 19611 
United States. Assuming that he was still working on some problem in theo 
physics, I asked him what he was up to. He was somewhat sheepish. He 8 
am sorry, you will be ashamed of me; [ am spending my time growing bac 
Watson had seduced him for genetics, Gilbert soon discovered a most e€ 
technique for deciphering the genetic code. For his work, he received a. 
prize in Chemistry in 1980. In 1981, he left his chair at Harvard to fo 
company which exploits, among others, techniques of genetic manipulati 
manufacture human insulin. This company is called Biogen and is registe: 
Switzerland. It went public recently. Apparently, Gilbert’s first investment: 
company (of which he is President) was of US $4,000; it is currently worth 
than fourteen million doltars. 


Notice the mutuality of science and technology. Notice that the gr 
discovery in molecular biology is made in a laboratory for physics, by 
trained in the use of X-rays with fairly modest equipment. Notice Gil 
transition from research in theoretical physics to fundamental genetics and 
to practical genetic engineering. The point I am trying to make is twofold: 
science and technology go hand-in-hand in modern times; second, therc 
premium placed on excellence and brain power in our rival civilizations 
must ask ourselves: do we provide like opportunities for our best youn 
nurturing their talents for our civilization, or do we leave them to wither aw: 
if they are strongly committed to science, to migrate and entich the count 
Furope and America with their talents and their contributions? 


Perhaps my examples appear too distant for comfort, though the 
technological example is not all that far-fetched. Perhaps the interv 
centuries of neglect of scicnces have lulled us into feeling that we can: 
catch up in the creation of sciences, and that we need not even try. J started 
first example with Faraday’s and Maxwell’s unification of two: 
fundamental forces of nature - of electricity with magnetism — in the last ce! 
I said that from this unification flowed the age of electric power and next, th 
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wnmMunication. When a hundred years after Maxwell, in the 1960s, 
: at Harvard, Glashow and Weinberg, and myself independently 
step of postulating a unification of two further forces of nature — of 
étism with the weak nuclear force of radioactivity -- even the London 
k note and counseled perceptive businessmen not to ignore the 
mic consequences of this new unification. 
ry had been indirectly confirmed through its consequences for 
mena in nuclear and atomic physics by 1978. This year, in January, 
- European experimental laboratory at Geneva provided the direct 
f our theory. We have predicted the existence of three mediators of 
clear force W', W and Z°s. We had specified their expected masses 
ence of the unification, The January experiment showed that W* and 
do exist, with precisely the predicted masses. This week the last 
e'Z°, has also been identified among the products of the collisions of 
‘anti-protons in the 6 km accelerator at CERN. To obtain a beam of 
, the laboratory had to invent a new principle of “stochastic cooling” 
ytons and to execute this idea with a technical brilliance of the highest 
(cost of around fifty million dollars. This same laboratory is now 
a building a new accelerator of twenty-seven kms circumference under 
ountains of Geneva for further experimentations with our theory. This 
hem half a billion dollars and will be completed by 1987. So far, the 
mment on these discoveries made by an Arab-Islamic journal was last 
this journal, published in London, accused me of the following in my 
on the unification of these fundamental forces, “the heretical Sufi 
of Wahdat-ul-Wujud!” 
journal has sagely counseled that we in Islam should not concern 
with advances in science. We should concentrate on imitative 
gy, assuming someone will sell it to us. That is what the Japanese are 
‘to have done. We forget that the Japanese already have won four Nobel 
‘science — three in physics and one in chemistry. Their base in 
ental sciences is as strong, or in some cases, stronger than in the West. 
{ that it was this unspoken and unsung base on which they have built 
iovative successes in technology. We forget that an accelerator like the 
RN develops sophisticated modern technology at its furthest limit. | am 
ocating that we should build a CERN for Islamic countries. However, I 
but feel envious that a relatively poor country like Greece has joined 
paying a subscription according to the standard GNP formula. I cannot 
that Turkey, or the Gulf countries, or Iran, or Pakistan seem to show no 
ion to join this fount of science and get their men catapulted into the 
nt of the latest technological expertise. Working with CERN accelerators 
at the least this reward to a nation, as Greece has had the perception to 


_ technology-based industries all depend on new science.’ 
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Let me close this part of my discussion about the mutual interrela 
science and technology with an example, nearer home, from the field’ o 
energy. This is a field where research is being carried out by the univers 
the Gulf as well as in the North African and Middle Asian universities 
Islamic countries. The basic problems, for example, with the developm 
cheaper photovoltaic devices, are material sciences problems. Solar en 
collected, and converted by materials that are optically or photoelec 
suitable. An optical converter must use as little material as possible; how: 
determined by the penetration depth of the solar light and the drift-length 
“excited state” on which the conversion is based. One can easily determi 
the parameters entering these basic processes lead to thicknesses of mat 
the order of one micrometer. This then is the domain of thin films. Such film 
cheap to make, but there is no way of making them with the perfection of 
crystal. Thin films are polycrystalline or amorphous. And they carry: 
density of defects. Up to now, it is these defects which have limited the th 
devices to low conversion efficiencies. Thus, before any techno 
amelioration can come, one must solve the problems of basic solid state phy 
of classifying the major defect phenomena, their effect on electron dynami 
problems of catalysis of the growth mechanism that makes these 
harmless. a 

What I am saying is that efficient photovoltaics do not depen 
engineers’ tinkering with solid state materials, the problem is one of sol 
physics. And it is this problem of basic science which the Japanese soli 
physicists have set themselves to solve systematically, before their count 
in the USA or Europe. The Japanese will win this prize, not only becau: 
are the more meticulous technologists, but also because they are the sys 
physicists, with scientific facilities which, in many cases, are superior t 
their rivals possess. The point I am making is that what the University of t 
will need, if it wishes in the long run to develop first rate resear 
photovoltaics, is a basic surface physics laboratory, in addition to techno 
support. The same sentiment was endorsed by the London Economist wt 
its issue of September 27, 1980, has this to say on the cherished mastery « 
energy: “If solar energy is to provide the solution to the world’s fuel cris 
solution will not emerge from low-technology rooftop radiators (which) 1 
nineteenth century (science). A breakthrough (will) come from applying quai 
physics, biochemistry or other sciences of the twen det century. To 


I hope I have convinced you that in the conditions of today there cai 
high technology without first-rate science. I suspect some of us believe 
technology is neutral, while science is value-loaded; modern science can 
rationalism, or even apostasy — that scientifically trained men among us 
“deny the metaphysical presuppositions of our culture”. To such thinkin 
can say is: Do not fight the battles of yesterday when in the ninth and th 
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‘so-called “rational natural philosophers”, with their irrational and 
th in the cosmological concepts they had inherited from Aristotle, 
ulties in reconciling their concepts with their faith. 
battles were even more fiercely waged among the Christian schoolmen 
dle: Ages. This was inevitable as Maurice Bucaille has shown in his 
work The Bible, The Koran and Science, the problems which 
the schoolmen were mainly problems of cosmology and metaphysics: 
orld located in an immobile place; does anything lie beyond it; is there 
“one world; are the planets and stars carried around in physical 
Does God move the primum mobile directly and actively as an efficient 
nly as a final or ultimate cause? Are all the heavens moved by one 
everal? Are the spheres moved by intelligences, or by some principle 
in matter? Do celestial movers experience exhaustion or fatigue? Are all 
es of the same nature? Are they concentric with the earth as common 
8 it necessary to assume eccentric and epicyclic orbs? What was the 
celestial matter? Was it like terrestrial matter in processing an inherent 
form and inherent qualities such as being hot, cold, moist, and dry? 
ers sought were either from an interpretation of the scriptures or from 


50. Galileo Galilee 


ty of Aristotle.” No wonder when Galileo tried, first to classify those 
problems which belonged to the domain of Physics and then to find 

st to this class through physical experimentation, he was persecuted. 
in for this is being made now three hundred years later. 

ded a special ceremony the day before yesterday in the Vatican where 
ss the Pope, in the presence of thirty-three Nobel Laureates and three 
other scientists, declared: “The Church’s experience, during the Galileo 
after it, has led to a more mature attitude, ... The Church herself learns 
ience and reflection and she now understands better the meaning that 
given to freedom of research ... one of the most noble attributes of man. 
hrough research that man attains Truth. ... This is why the Church is 
that there can be no real contradiction between science and faith. 
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(However) it is only through humble and assiduous study that (the Church 
to dissociate the essential of the faith from the scientific systems of a gi 
especially when a culturally: influenced reading of the Bible seemed to be 
to an obligatory cosmogony.” 

In his remarks, the Pope stressed the maturity which the Church had 
in dealing with science; he could also have emphasized the: c 
phenomenon, the recognition by the scientists from Galileo’s time onward. 
limitations of their disciplines ~ the recognition that there are questions \ 
beyond the ken of science. We may speculate about them, but there ma 
way to verify empirically our speculations. And this empirical verificati 
essence of science, We are humbler today than, for example, Ibn Rushd 
Rushd was a physician of great originality with major contributions in th 
of fevers and of the retina; this is his claim to immortality in Science. Ho 
in a different discipline — cosmology — he accepted the speculations of 
without recognizing that these were speculations which future experim 
falsify. The scientist of today knows when and where he is speculating;. 
claim no finality for the associated modes of thought. And even about: 
facts, we recognize that newer facts may be discovered which, without | 
the earlier discoveries, may lead to generalizations; in turn, nec 
revolutionary changes in our concepts and our “worldview”. In P 
happened in the beginning of this century with the discovery of rela 
quantum theory. It could happen again; when our present constructs ¢ 
as limiting cases of newer concepts, still more comprehensive, 
embracing. 

But even to know the limitations of our sciences, one must be part 
science; otherwise one will continue fighting yesterday’s philosophi 
today. Our men, through their demonstrated ability, must belong 
aristocracy of creators of science, where one is respected and all « 
opened if one deserves to belong to it. Like all aspects of human activit 
the Arab-Islamic Commonwealth needs are men — an elite class of the 
have shared in the pride of having created some parts of science. Our’ 
craving to meet this challenge; it is this challenge, which makes them r 
Western universities and institutions. Trust them; they do possess th 
potential. If the new University of the Gulf will provide them with oppor 
to create science — and this, by definition, is the function of a university 
will never leave. And after providing them with these facilities, do n 
them. It takes a decade or more of stability to build traditions of living scie 


Steps Needed to Excel in Sciences 
So then, how can we turn the pages of history back, and excel in sci 
technology once again? How can the new Gulf University ensure this exe 
and attract these men back again? 
In keeping with the obligations laid on us by the Holy Qur’an and th 
Prophet, our society as a whole, and our youth in particular, must d 
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commitment towards bringing about a renaissance of the sciences. We 
art hard scientific training to more than half of our manpower; we must 
sic and applied sciences, with 1-2% of our GNP spent on research and 
ent, with at least a quarter of one-third of this on pure sciences. 

as done in the USSR. This was done in Japan, after the 19th century 
folution. And this is what is being undertaken today ~ in a planned 
‘a frantic speed — by the People’s Republic of China, with defined 
“Space sciences, genetics, microelectronics, high energy- physics, 
, and in the control of thermonuclear energy. There is a clear 
on in these societies that basic science is relevant science that the 
f today is tomorrow’s application, and that one must remain at the 
They have realized that there is only one path to gaining ascendancy in 
nd technology — master science as a whole. 

€ societies are not seduced by slogans of “Japanese” or “Chinese” or 
ience. They do not feel that the acquiring of science and technology 
y their cultural traditions: they do not insult their own traditions by 
ng that these are so fragile. In this context, one may recall that the GNP of 
-Arabic nations exceeds that of China, while their human resources 
gnificantly smaller. And China has a lead of no more than a decade or 
iences over the lands of Islam. 

I spoke of patronage for the sciences. One vital aspect of this is the 
curity and continuity that a scientist-scholar must be accorded for his 
all humans, a scientist or technologist can only give of his best if he 
will have security, respect and equality of opportunity for his work, 
elded from ali forms of discrimination, sectarian and political. 


referred throughout to a Commonwealth of Science for the Islamic 
ab countries, even if there may be no political commonwealth of these 
yet in sight. Such a Commonwealth of Science was a reality in the great 
slamic science, when central Asians like Ibn Sina and Al-Biruni would 
write in Arabic. In those days, their contemporary (and my brother in 
Ibn Al-Haitham, could migrate from his native Basra in the dominions 
bbasi caliph to the court of his rival, the Fatimi caliph, and be sure of 
espect and homage — despite the political and sectarian differences that 
ess acute then than they are today. 

ommonwealth of Science needs conscious articulation and recognition 
n, spiritually and physically, by both us, the scientists, and by our 


e, the scientists from the Islamic countries, constitute a very small 
one-hundredth to one-tenth in size, in scientific resources, and in 
creativity, compared to the international norms. We need to band 
© pool our resources, to feel and work as a community. We need the 
of a compact conferring of immunity for, say, the next twenty-five 
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years, during which those within this commonwealth of sciences, this Un 
"iim, would not be discriminated against on sectarian or national grounds: 


To summarize, the renaissance of the sciences within an Islamic a 
commonwealth is contingent upon five cardinal preconditions: pa 
commitment, generous patronage, provision of security, abse 
discrimination, self-governance and internationalization of our s 
enterprise. 


What steps can the new Gulf University take to nucleate and sustain 
Ummat-ul-’iim? 

Assuming that this will be a post-graduate University, it will strive; 
foremost, te create centers of research of international standards 
sciences. These could emphasize Mathematics, experimental Solid State 
of microelectronics and communications system, and Bioteclinology, bes 
regional disciplines of marine and desert sciences. The University will 
strive to link to it, through these centers, the best brains internationally 
particular those from the Arab-Islamic Commonwealth. To facilitate the: 
linkages, there will be Federation Agreements with institutes and 91 
researchers in the six regions of the Arab-Islamic Commonwealth. The 
the stay and the travel of teams of such researchers will be provided by 
University. This is the pattern we follow in Trieste (Table 1) where \ 
Federation links with eighty-three institutes in developing countries — fort 
of these in the Arab-Islamic world — where we assign to researchers 
institute 40-120 days of visits at our expense. We have, in addition, for’ 
individual researchers, a scheme of personal Associateships based on mi 
any one time, we have two hundred Associates, each appointed for a: 
term. During these six years, an Associate may come to the Centre thrice: 
of his choosing, with a minimum stay of six and a maximum stay © 
weeks. We pay the Associate’s fare and his expenses in Trieste, but ni 
There are no formalities. The Associate simply writes to say he is arrivin 
a scheme would be particularly valuable for men from the Arab 
Commonwealth now working in the seventh region I mentioned — Eur 
USA. These are the men whose presence at the campus of the Bahrain Uni 
will enrich it intellectually; they will bring to it the newer ideas 
techniques, newer thrusts, with a minimum of delay. If the Gulf Universi 
become a second home for these men with a minimum of formality, it wil 
achieved a great deal. 


I have mentioned an international laboratory in materials scie 
Bahrain, with specialization in microelectronics and modem ele 
communications, including space satellite communication, to help also 
banking communications needed at Bahrain. Such a laboratory was i 
proposed for the University of Jeddah. The idea was to emphasize 
transfer in addition to technology transfer and to create international labor: 
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‘of materials sciences, including surface physics and a laboratory 
otron radiation light source. The facilities created would have been 
st possible international order; the laboratories would have been 
ams of international researchers, who would congregate and work at 
§ they congregate now at the great laboratories in Hamburg, Geneva 
project apparently has not matured, mainly I believe, because it had 


f a single rather than a consortium of universities. I would hope that 
an be revived for a new super Gulf University, thereby making it 
researchers internationally, and particularly to all the Gulf, as well 
¢ universities in the Arab and Islamic countries. 

© mentioned a super laboratory at Bahrain for biotechnology. In this 


me mention that the UNIDO organization at Vienna is sponsoring an 
Centre for this subject, like the Centre at Trieste. A competition is 
ized for its location; six locations have offered facilities — these are 
dia, Cuba, Thailand, Belgium and Italy. No Arab country has offered 
Lahore, in Pakistan, wins the competition, the UNEDO International 
ahore would naturally have close links with the Gulf University 
ahrain. 


I have emphasized an International Centre for Mathematics, with 


i$ in computing sciences. As we all know the modern tradition in 
originated at the institutes in the Gulf Region, particularly in 


‘the eighth, ninth, tenth and eleventh centuries, with the creation of 
gonometry and analytical geometry. I do not see why we cannot create 
onditions of excelience today in mathematics and make Bahrain a 
oads for this subject. As you probably know, one of the leading 
‘ians in the world — currently a Professor at Oxford — who was 


most prestigious honor anyone can aspire to in mathematics (the 
edal) is of Arab descent. I do not see why such men should not hold 
itments between their European places of work and Bahrain and build 
n. school of Mathematics here. 


e conclude. Why am I so passionately advocating our engaging in this 
f creating knowledge? This is not just because Allah has endowed us 
tge to know, this is not just because in the conditions of today, 
is power and science in application the major instrument of material 
‘is also because as part of the international world community, one 
sh of contempt for us — unspoken, but still there — of those who create 


till recall a Nobel Prize Winner in Physics some. years ago, from a 
‘ountry, saying this to me: “Salam, do you really think we have an 
in to succour, aid and keep alive those nations who have never created or 
iota to man’s stock of knowledge?” And even if he had not said this, 
pect suffers a terrible hurt whenever I enter a hospital and find that 
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Table 1. The number of visitors from Arab-Islamic countries to the: 
International Centre for Theoretical Physics, Trieste Member States -- 
No. of visitors Federation GNP 
from 1970-82 agreements 


Bahrain 

Tray 

Kuwait 

Oman 

Qatar 

Saudi Arabia 

United Arab Emirates 
Yemen Arab Republic 


ah. Be. Renu 


Aah aa, 
Lebanon 
Syria 


GROUP Il Afghanistan 
fran 
Maldives 
Pakistan 

GROUP IV Bangladesh 
Indonesia 


£ 
Dijibuti 
Egypt 
Libya 
Morocco 
Sudan 
Tunisia 


GROUP VI Central Africa 
Cameroon 
Chad 
Comoros 
Ethiopia 
Gabon 
Gambia | 
Guinea-Bissau 
Guinea 
Ivory Coast 
Mali 
Mauritania 
Niger 
Nigeria 
Senegal 
Sierra Leone 
Somalia 
Togo 
Upper Volta 


HO BOOLN Yur re S ¢ 


Grand Total 
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ry potent life-saving medicament of today, from penicillin to 
as been created without our share of input from any of us in the 
or from the Arab-Islamic lands. The 20th century has been a 
‘eat synthesis in science — the syntheses represented by quantum 
vity and unification theories in physics, by the Big Bang idea in 
yy the genetic code in biology, by ideas of plate tectonics in geology; 
| technology, the conquest of space and the harnessing of atomic 
ust:as in the 16th century when the European man discovered new 
id occupied them, the frontiers of science are being conquered one 
ther. Do you not feel as passionately as I do that our men in Arab- 
ds should also be in the vanguard of making these conquests? 


to conclude with two appeals — one to those responsible for creating 
Jniversity, and particularly, to the scientists among them; and the 
our rulers. First the science administrators: There are few scientists in 
nm whom you can build. This however would not be so if we can band 
‘an Ummat-ul-’Ilm and create a genuine community for all Arab- 
ids. Believe me, our situation is not that desperate, particularly if 
are created to associate those from our lands working in the seventh 
urope and USA with our enterprise. I can only say, for all our present 
s, let us not be the less ambitious, Let our plans for our institution 
be audacious. Wiih ambition, and with involvement, will come 
e, for this is Allah’s promise to all those who strive. 


nally, I wish to appeal to those responsible for our affairs and for 


is University and other projects I have spoken about. Science is 
| because of the underlying understanding it provides of the world 
is and of Allah’s designs; it is important because of the material benefits 
veries can give us and finally because of its universality. It is a vehicle of 
ion of all mankind and in particular for the Arab and Islamic nations. We 
debt to international science, which in all self-respect, we must discharge. 

yer, the scientific enterprise cannot flourish without your generous 
age as in the past centuries of Islam. I am now living and working in a 
ty of one-quarter of one million inhabitants. In this city there is a Bank — 
Risparmio — which donated 1.5 million dollars for the building in which 
rational Centre which I created is housed. This city has now pledged 
regional resources forty million dollars for the proposed UNIDO Centre 
technology. I feel amazed at their perceptiveness, their love of science and 
ily of technology. Shall our cities and banks not rival this example? The 
tional norms of 1-2% of GNP I have been speaking about would mean 
ures of no more than two to four billion dollars annually for the Arab 
- same amount for the rest of the Islamic world on research and 
ment, one-quarter to one-third of this spent on pure sciences. In 1973, the 
an Government, on my suggestion, requested the Islamic Summit in Lahore 
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Table 2. R&D Manpower in Islamic countries 


Name of country Year Population R&D 
(millions) scientists 
engineers 

Algeria 1972 16.8 242 
Bahrain 1967 0.3 - 
Bangladesh 1973 79.0 - 
Cameroon 1976 75 z 
Chad 1971 4.0 85 
Comoros = - = 
Djibuts 1973 0.1 s 
Gabon 1970 0.5 8 
Gambia 1973 0.5 

Guinea - - - 
Guinea Bissau - - - 
Indonesia 1976 140.0 7,645 
Tran 1974 33.0 4,896 
Traq 1972 11.1 1,486 
Jordan 1977 2.7 452 
Kuwait 1975 1.0 606 
Lebanon 1972 2.5 180 
Libya 1980 2.4 50 
Mali e > 7 
Malaysia 1970 11.9 - 
Maldives . - % 
Mauritania - - - 
Morocco - - - 
Niger 1976 4.6 93 
Nigeria 1970 65.7 2,200 
Oman - - - 
Pakistan 1979 70.2 5,144 
Qatar 1974 0.2 - 
Saudi Arabia 1974 . : 72 - 
Senegal 1972 45 522 
Somalia 1965 2.0 - 
Sierra Leone - - - 
Sudan 1971 15.7 3,266 
Syria 1970 14 - 
Tunisia . 1974 5.6 - 
Turkey : 1975 40.3 11,606 
UAE, - 7 - 
Uganda - - - 
Upper Volta - - - 
Yemen Arab Republic 1974 5.0 60 
South Yemen - - - 
Egypt 1976 37.0 10,655 
Afghanistan 1966 14.8 330 


Total 45,136 


These figures are taken from the Secretariat Report presented to the 
first meeting of the Islamic Conference on Science and Technology, 
May 1983. 
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least one Foundation for Science for all lands of Islam equal in size to 
‘oundation, with a capital of one billion dollars. Eight years later, in 
‘a Foundation was at last created but with just fifty million promised 
iillion dollars paid up so far. Iam sure a banking community like that at 
Jone could rival Ford’s benefaction if we really are serious about 
nd this region has rich traditions in this respect. Imam Ghazzali, you 
l, paid a rich tribute in the 11th century, to the land of Iraq, when he 
ere is no country in which it is easier for a scholar to make a provision 
dren.” This was at the time when he was planning to become a recluse 
himself off from the world. We need not one such but a number of 
Foundations as in the West, run by the scientists themselves; we need 
ynal higher centers of learning within and without our universities, 
g: generous and tolerant continuity, for our men and their ideas. Let no 
bb record that in the fifteenth century of the Hijra, the scientists were 
there was a dearth of merchants and princes with their generous 
ge to provide for the facilities needed for their work. 0 
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26 


International Commons: 
Sharing of International Resources 


In 1945, Europe was devastated. Soon after, the United States” 
remarkable initiative with the launching of the Marshall Plan to finance Euro 
recovery. Some thirty-two billion dollars were generously provided, amoun 
in the beginning, to a contribution of around 2.79% of the Gross Na 
Product of the USA. A magnificent act of magnanimity, it was not pure al 
because the USA knew that by building up Europe, it was contributing 
future prosperity for the entire Western world, including enhanced prospé 
the United States itself, through trade and commerce. It is unfashi 
nowadays to speak in these terms, but one may have called this act Keynes 
at its best, inspired by the earlier successes of the New Deal in the United 
itself. One of the results of this all too rare act of economic wisdom w 
during the next decades — the sixties and the seventies — after Western 
was back on its feet, the prosperity of all countries — including the donor'c 
of the USA — increased to levels unmatched in world history before. 

The Marshall Plan led to similar ideas for the United States and Europ 
to be extended to the developing countries. Here, of course, the need: 
greater. Perhaps the sheer magnitude of the development tasks meant 
donors felt shy of doing as much as they had done for Western Europe. T. 
packages were more meager. And there was one other limitation. Thos: 
also the days of the hottest phases of the “Cold War”. The aid packages ex 
to the developing countries were not purely economic aid. The Cold W; 
imposed a selectivity; the most generous economic help went hand in han 
military aid. The donors also wanted the alloted sums to be spent in hel 
Western interest including Western exports. 

As I mentioned earlier, the small quanta of aid funds were inadequate fo 


needs. Instead of 2.79% of the GNP of the Marshall Funds, this time the 
(contributed by OECD countries) never went beyond .5%, falling to aroun 
by the 1970s. Even though the Pearson Commission set up in 1969, mad 


recommendation of aid quantum being fixed at .7% of the GNP of. 
countries — a recommendation later endorsed by the Brandt Commission = t 
figures have never been met except by a very few of the donors. Thus the U; 
States share has fallen to less than .2% with a fall also in the shares of th 
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eral Republic of Germany, Japan and others. And, furthermore, the 
oc have never joined the aid consortia; their aid (.14% of GDP) — much 
is disbursed bilaterally. The OPEC countries started in the early 1970s 
® of their GDP, went up to nearly 3% in 1975 and then declined (with a 
F billions) to 1.4% of GDP in 1981. 


10t so much concerned in this note with the precise aid percentages. I 
more concerned with the way in which the conceptual basis of such 
of resources is presented. It is my belief, and I am sure Members of this 
share this belief with me, that unless an idea has a sound, generally 
onceptual currency behind it, it does not win adherence. 


of the considerations on which a theory of transfer of resources to the 
ing world may be based may run as follows. 

onomic self-interest. As emphasized earlier, in the case of US help to 
eynesianism theories, which inspired the New Deal, may have been at 
f the Marshall Plan. Involved in this is firstly the idea that in order that 
hould be economically well-off, one needs a large base of economic 
‘Secondly, the securing of this large base needs, in its turn, the prosperity 
ions of the society, leaving no pockets of poverty, within the society. 
rosperity for all, an interdependence and a perceived mutuality of 
of all sections of the society, is the key idea with the Marshall Plan 
g the scope of the society covered, from USA alone, to embrace also the 
it of Western Europe. The Plan based itself on the view that the 
'y of the US would increase if Europe became prosperous, and able to 
é goods and services with the US. 

at we are speaking about today is the carrying of these ideas further to 
the developing countries. In the words of Willy Brandt: “The mutuality 
*sts can be spelled out clearly in the areas of energy, commodities and 
dod-and agriculture, monetary solutions, inflation control ... and ground 
ice communications. The depletion of renewable and non-renewable 
ss, throughout the planet, the ecological and environmental problems, the 
tion of the oceans, not to forget the unbridled arms race, which both 
esources and threatens mankind — all of these also create problems which 
eace and will grow more serious in the absence of a global vision. ... 
wants-a bigger slice of an international economic cake cannot seriously 
o become smaller ... Most industrialized countries, even during the 
oom in human history, have not tried hard enough to get near the 
m aid target to which most of them had solemnly agreed. That record is 
; disappointing but also reminds us that, had the target been met, several 
ing countries would now be importing more goods and services, thus 
ing economic difficulties of the North.” 
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2) To highlight the economic interdependence, particularly in the cont 
producing job opportunities in the developed countries, Brandt co 
“Perhaps one can illustrate part of the problem from the development o 
the present industrialized countries in the nineteenth and carly: twe 
centuries. A long and assiduous learning process was necessary until 
generally accepted that higher wages for workers increased purchasing. 
sufficiently to move the economy as a whole. Industrialized countries n 
to be interested in the expansion of markets in the developing world. Thi. 
decisively affect job opportunities in the 1980s and 1990s and the pro 
employment.” : 

This sentiment was cchoed also by J. Tinbergen et al. in their pape: 
New World Employment Plan”. According to them, “The second elemen 
new world employment policy consists of an increase in mternational 
transfers to ‘Third World countries in order to increase employment i 
countries. The resulting increase in welfare and purchasing power: i 
countries will lead to higher imports from the industrialized countrics. T 
will be an important stimulus to higher employment in the indus 
countries too.” 

The same statement comes from Masaki Nakajima: “In the past, of: 
we had the Keynesian approach to demand development. That, unfort 
was geared to the development of a single economy. Today, in order to 
massive problem like worldwide unemployment, I think we have to exp; 
Keynesian approach so it can be applied on a global scale. One possibly e 
area would be toward a solution of North-South problems.” 

3) One may look upon aid as a compensation for the decline in con 
prices. Year after year we have seen that the weakness — economic, as’ 
political — of the developing countries has meant that the commodity pric 
not kept up with the increase in prices of industrial goods. As Michael M 
the Ex-Prime Minister of Jamaica, once explained: “In the 1950s, tent 
sugar brought a Jamaican farmer a Ford tractor. In the 1970s the same 
costs twenty-five tons of sugar. Why? Is it that the Jamaican peasa 
subsidizing by a factor of 100% the social security and welfare of Ford 
workers?” And not only have the commodity prices not kept up with in 
prices, they have also seen such ups and downs that for a developing: 
there is no possibility of any rational planning of its economic future 
“vagaries” of price cycles are attributed to the vagaries of stock exch: 
Speaking plainly, is this not a type of organized brigandage, which the 
societies have permitted their stock-market speculators to indulge in? 

As is well known, this economic weakness of the developing countrie 
led them to the brink of bankruptcy. The facts in respect of the eco 
situation of the developing world are stark. 'The non-oil producing devel 
countries have suffered a deterioration in their export earnings of som 
hundred billion dollars annually between 1980 and 1983. At least fifty:b 
dollars of this are attributable to lower commodity prices. The pleas 
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ng. countries to have some consideration given to the commodity prices 
sistently fallen on deaf ears. On the testimony of the Ex-Chancellor 
chmidt of Germany who wrote in The Economist of February 26, 1983, 
1¢ German Federal Republic put forward a proposal for stabilizing 
ning countries’ exports of raw materials for international discussion as 
; 1978. Unfortunately, according to him, this proposal was not taken up at 
nda of any of the international conferences. It is time, he says, to raise the 
again. In the meanwhile the developing countries may be forgiven if 
mnsider aid as part compensation for this decline of commodity prices. 

ne may look upon aid as part of the compensation for the 19th century 
ion of the riches of the developing couniries — a transfer of resources 
s ex-Colonies, ex-Empires, which enriched particularly some of the 
pean countries and gave them economic prosperity. 

ne may point to the disparity of distribution of World Resources and the 
lity it creates. There is, at present, a tremendous disparity (Table 1) 
n. the rich and the poor in the ultimate criteria of prosperity — the reserves 
le land, of forest, coal and iron. It is important to realize that the full scale 
tion of empty regions of the globe — Siberia, Canada, Australia — took 
the 19th century and that it is of relatively recent origin. Some among 
who plough the exhausted soils of Asia and Africa may not for long be able 
rt their hungry gaze from the virgin soils of some fortunate and empty 
§ of this globe. It is hard for them to comprehend that there can exist parts 


Table 1. The Disparity in Natural Resources (per capita) 


Asia North USSR Europe Oceania World 
America 


ires) 54 2.63 2.8 55 30 1,4 


20 2.07 54 33 1.6 96 
63 2000 90 960 812 365 
reserves (tons) & 27.8 16.9 4 12.5 
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of the world where 15 and 20% of agricultural land has to be “banked 
farmers paid not to cultivate it in order that world prices of grain can be k 
It is hard for them to believe that open spaces still exist in Canada, Au 
Siberia, and elsewhere, and that material rewards must be paid to those willi 
pioneer their colonization. There is one lesson from history we must not f 
world as polarized as ours is unstable; it cannot endure this way forever. © 


It was perhaps in recognition of this disparity and the instability whi 
breeds that Lyndon Johnson expressed himself thus: “Many of our most 
problems do not spring from the Cold War or even from the ambit 
adversaries. They are the ominous obstacles to man’s effort to build a gr 
society — a place where every man can find a life free from hunger and « 
Those who live in the emerging community of nations will ignore the pr 
of their neighbors at the risk of their own prosperity. ... There is no’ 
solution to these problems. In the past there would have been no solutio 
Today, the constantly unfolding conquests of science give man the pow 
his world and nature which brings the prospect of success within the purvit 
hope.” Lyndon Johnson had the courage, pursuing this line of thinki 
allocate the funds which he saved from the defense budget of the United Sta 
his programs against poverty in that country. One wishes there were mo 
like him who could declare that a similar consequence would follow: 
disarmament and cuts in military expenditure will mean more funds for 
development. 


These were some of the arguments for the transfer of resources. But” 
needed is some sort of automaticity in these transfers and I wish to speak 
this now. “ 

In 1969, the Nobel Laureate, Linus Pauling, speaking at the. 
Symposium held in Stockholm, on the “Place of Value in a World of Fe 
made a plea for international taxation whereby the world distribution of: 
among the nations of the world may be adjusted by levying a tax on the’ 
with a higher GNP and providing the funds to those in the developing cot 
Pauling spoke of the transfer of resources of the order of 200 billion dollar: 
year, about 8% of the world’s then total income, which he thought was the 
figure for an international income tax. I remember listening to Paulin 
thinking to myself; this is a totally Utopian proposal. None took it very sé 
at the meeting. Pauling thought it was possible to formulate a funda 
principle of morality, independent of revelation, superstition, dogma and < 
and acceptable by all human beings in a scientific, rational way by analyzin 
facts presented to us by the evidence of our senses. He said a major fact 
lives was that there is so much suffering in the world, much of it unnecess 
avoidable. To minimize this suffering we must provide every person ne 
with adequate food and shelter but also with education. ~ 
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oduce the funds required, Pauling identified militarism as one of the 
ses of human suffering. Militarism then cost the world over 250 billion 
year. It costs three times that much today. This amount of wealth 
military conflicts each year is greater than the total annual personal 
er year of two-thirds of mankind. An elimination of these conflicts 
able these funds to be spent on minimizing the suffering from 
n of the majority of mankind. Pauling suggested that scientists and 
should begin to formulate a practical schedule of progress toward the 
ich transfers. He said that it was only the intellectuals and scientists of 
ho could analyze this problem in a sufficiently thorough way; they 
ake political actions as individuals, as science advisers, as educators and 
ng pressure on governments and voters. 
1969 when Pauling spoke, there was a formulation of what is called the 
ternational Economic Order, which was adopted in 1974 by the 6th 
ession of the UN General Assembly. Unfortunately, just after these 
ations were made, came the increase in oil prices and rise of the 
-politics. Few people today remember the work, which was done on the 
‘onal economic order. But, in any case, to my knowledge, not much 
ns went into emphasizing Pauling’s ideas of world taxation. I have now 
to believe that Pauling’s idea was one of the most important ideas, which 
of the last decade. It seems to me a great pity that it was not given a 
economic formulation by the economists of the world either from the rich 
or nations, and that the concept of world international taxation has not 
common currency to replace aid commonly thought of as charity and 
n the ultimate analogies depends on the vagaries of national governments. 


ne of the few who have discussed this issue in recent times is again Willy 
who said in 1980 in the introduction to his Commission’s Report: “It is 
nviction that we will have to face more seriously the need for a transfer of 
: with a certain degree of automaticity and predictability disconnected 
n uncertainties of national budgets and their underlying constraints. What is at 
e various possible forms of international levies.” “Why should it be 
istic.’ he asks, “to entertain the idea of imposing a suitable form of 
tion on a sliding scale according to countries’ ability? There could be even a 
levy on international trade, or a heavier tax on arms exports. Additional 
ues could be raised on the international commons, such as sea-bed 


edged taxation. That certain resources of the seas should be declared as 
ng to humankind as a whole is an idea which the developing countries 
spoused since 1968. A Convention to regularize this has now been 
died in a draft for “Law of the Sea” which the UN Conference has 
mmimended all UN states to adopt. This was at Montego Bay, in the last days 
mber, after nine years of patient negotiations marked by a willingness to 
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compromise as a necessary part of the search for a larger solution. Oni 
and nineteen nations have so far found it possible to overcome their 
reservations and marginal disappointments and sign the instruments, whi 
the Law of the Sea a new international fact of life, giving substance: to 
Bed Authority” which will be sited in Jamaica. 

The US Government, however, has decided to stand out and vote 
adoption of the recommendation. This decision was taken by the Rep 
Administration in 1981, repudiating the skillful negotiations by the 
Administration to arrive at a compromise formula for the draft conventio 
the US had decided to back out on the Carter Administration’s pledges, 
too has decided to stand out. Since these two nations represent a substant 


of the world’s economic power and technological capabilities, their dec 
stand out in the interest of their multinationals can be a very serious w 
maneuver indeed. 

In this context the remarks of Mrs. Jean J. Kirkpatrick, the US Amb 
to the UN, on March 3, 1983, are significant. Writing in a journal on Ré 
published by the American Enterprise Institute, she complains: “Th 
regulatory initiatives extend quite literally from the depths of the ocean 
heavens, from the Law of the Sea Convention to an Agreement Coveri 
Activities of State on the Moon and other Celestial Bodies.” According 
the US balked at signing the Law of the Sea Convention which require 
mining companies and other undersea ventures be licensed by a new inter 
authority, pay what would amount to royalties to it and be bound by its de 
on production and the like. In Mrs. Kirkpatrick’s view, the big push wi 
‘UN stems from a sort of class-welfare, poor nations versus rich with regulat 
a weapon for the redistribution of wealth. According to her, this type of th 
guides many of the participants in a UN political process. “There is a goo 


of vote-trading, arm-twisting, demagoguery, playing to the galleries, 


result is that proposed agreements which are supposed to benefit all natio: 
turn out to be, above all, instruments for global redistribution of weal 
new global paternalism. In a world body of 157 nations, the US and the c 
West are an outnumbered automatic minority. The UN agencies then: 
scene of a struggle that we seem doomed to lose. The international bure 
functions as the new class to which power is to be transferred. Global s 
is expected and, from the point of view of many, is the desired result.” 
remarks clearly show, there is an urgent task for us, particularly the intellect 
from developing countries, to invest the idea of International Commons. 
theoretical basis so that it comes to be accepted by the populations 
developed countries. S 


One way to make these ideas more acceptable may be to declare th 
commons will be used only for global tasks. And among these urgent global 
is the application of science and technology to global problems. If, for ex: 
these International Commons were used for building up researct 
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lent capabilities, now sadly neglected, in the sphere of energy and in the 
environment, there may be less opposition to these than there has been. 

ke the case of environmental tasks, everyone speaks of the degradation 
sphere. People speak of the disappearing rain forests and the imminent 
ance of large numbers of animal and plant species. The Report “Year 
mmissioned by President Carter states that “in the next 17 years, 1/4 
lant and animal species will disappear because the developing countries 
rced to cut their forest wealth in order to make up for scarce fuel and in 
stow more food.” One may in this context ask if it is not the concern of 
onmental groups also in the developed countries to help to preserve this 
ritage? Should they not come to the rescue of the developing countries? 


his type of global assistance not be a first charge on the International 
s? 


scientist, I would like the International Commons used for research on 
ientific problems. This was one of the suggestions made at the Vienna 
ce on Science and Technology in 1979, The global problems suggested 
esearch on diseases of the developing countries, research on greening of 
research on weather modification particularly for developing countries, 
n alternative energy, research on productivity of marginal soils, 
‘on earthquake predictions and the like. Recently, in December 1982, 
$ a meeting of chemists - Chemrawn — held in the Philippines on the 
of Chemistry and Development. We at Trieste are going to hold a 
ence on Physics and Development in 1984 in conjunction with IUPAP. I 
ny of the ideas expressed at these forums for further research do not fade 
‘lack of resources. 


aps I should mention Masaki Nakajima’s “Dream for Mankind”. In 
is his list of global super-infrastructure projects, which may constitute 
; of a “Global New Deal”; the implementation by the richer nations of 
er projects would lead to stimulation of constructive demand in 
turing industries, as well as technological incentives, in lieu of arms 
on. Hopefully, this would be accompanied by increase in GNP and 
ent opportunity both in developed and developing countries. According 
jima, “Now is the time for mankind to exert a bold, new and brave, 
ge vision, a vision which transcends narrow short-term national interest. 
¢ Prophet-King Solomon said in the Bible: “Where there is no vision 
| perishes.” 


1. Greening of deserts 


2. Collection station for 
solar heat 


3. Electric power 
generation using sea 
currents 


4, Himalayan 
hydro-electric project 


5. African central lake 
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TABLE 2 


Nations (Areas) involved 


North African nations and Arab 


States 


India 
China 
Bangladesh 


Central African nations 


Greening of the deserts in the Sinai and ‘he, ‘Arabian peninsula. 


Erect a large-scale installation for the collection of solar energy in a 
remote part of the World. Total investment in land, pipelines, and 
accessory equipment would reach $20 to $50 trillion. Its total annual 
output would be equivalent to 200 billion barrels of oil. 


There are 12 promising areas along undeveloped ocean shores 
extending from the equator to the temperate zones. Maximum 
generating potential of one area, 35 million kW. Total for 12 areas 
about 200 million kW. 


Damming of the Sanpo River on the upper reaches of the 
Brahmaputra in the frontier area between China and the Indian 
province of Assam to make it flow into India through a tunnel across 
the Himalayas. Potential generating capacity 50 million kW in 
maximum 37 million kW in average. Annual generating capacity 
240 billion to 330 billion kW. 


Control the flow of the Congo River by building a dam to create a 
-vast lake. in-Congo and. Chad TegiONS ¢ of Central. Africa to improve 
natural conditions in the area. eee es 


No 
or 
oO 
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grand vision behind these projects which is so commendatory and it 
] vision which alone will solve our problems of the future. 


arize, | would like to see the ideas of world taxation brought into 
of fundamental economic thinking. As a prelude to this, I would like 
ideas of International Commons and the sharing of global resources 
ple, the riches of the seas, and of the Antarctica) taken up vigorously on 
al, as well as at a political level — for example, at the Summit 


ally, I would like to see these Commons expended on scientific 
‘global problems in the first instance. I would like to see much greater 
given to the global programs like International Geophysical or 
cal Programs which, at the moment, organizations like ICSU undertake 
ger budget with contributions from the not too affluent UN bodies like 
. As an example of joint scientific projects, there are the programs of 
tive research for European nations like the fusion research program and 
ry; at Culham in the UK, or the European Molecular Biology program 
‘atory at Heidelberg. On the other hand, there are very few global 
ties for global problems research. These should be the first charge on the 
nal Commons. 


I have been speaking about a theoretical basis for international 
| based on well-reasoned appeals to economic self-interest and to man’s 
y. However, as the great religions of the world teach us, in the end the 
tent human actions stem from man’s ethical sense. I am a firm believer in 
ral and spiritual state and I shall conclude with the words of a mystic 
expressed the international idea of Family of Man in the 17th century — 
ne: “No man is an island entire of itself; every man is a piece of the 
"a part of the main. If a clod be washed away by the sea, Europe is the 
ell as if a promontory were, as well as if a manor of thy friend’s or of 
wn were. Any man’s death diminishes me, because I am involved in 
and therefore never send to know for whom the bel! tolls; it tolls for 
a 


ginal text of John Donne (1573-1631) is as follows: “No man is an Hand, intire 
€; every man is a peece of the Continent, a part of the maine; if a clod bee 

away by the Sea, Europe is the lesse, as well as if a Promontorie were, as well as 
nor of thy friends or of thine owne were; any mans death diminishes me, 

Tam involved in Mankinde; And therefore never send to know for whom the bell 
olls for thee. ...” (Passage from “Devotions Upon Emergent Occasions”, 1624) 


‘have circled the Earth for military purposes — “reconnaissance, comm 
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Beam Weapons in Space 


It is still a matter of wonder how the Martians are able to slay 
swiftly and so silently. Many think that in some way they are 
generate an intense heat they project in a parallel beam against ar 
they choose by means of a polished parabolic mirror of: u 
composition, much as the parabolic mirrors of a lighthouse projects 
of light. However it is done, it is certain that a beam of heat is tt 
of the matter. Whatever is combustible flashes into flame at its tou 
runs like water, and water (instantly) explodes into steam. 

—H.G. Wells in The War of the World 


1. Military Capabilities of Space Satellites 
“The romantic image of spacecraft unraveling the mysteries of the 
has diverted people’s attention from their military function.” Few r 
example, that since the first military satellite was orbited more than tw 
ago, nearly 2,500 spacecrafts, or some three-quarters of all spacecrafts 


navigation, weather forecasting and early warning of an attack by 
missiles.” One military satellite is launched every third day and 5; 
become a crucial environment for modern defense and offense, so fz 
strategic doctrines of the superpowers are concerned. Thus, if th 
satellites of one superpower were destroyed, its military capability. 
drastically curtailed. This is because artificial Earth satellites are the es 
eyes, ears and nerves of the fighting forces of today. Satellites orbiting 
the Earth identify potential military targets and determine their precise lo 
They not only relay military messages, but are also able to guide 
missiles, aircraft and naval vessels carrying lethal nuclear and co 
weapons to their targets with almost pin-point accuracies. The crippl 
desiruction of one or more satellites by the enemy would be tantamo' 
declaration of war: “War on Earth could thus start in space.” 
Taking into account of these potentialities, both superpowers are develo 
anti-satellite (ASAT) weapons and are investigating methods of destroyi 
other’s satellites as well as nuclear missiles. These include weapons whic 
now were in the province of science fiction. Among these are high-energ 
Presented at the Plenary Session of the Academy of the eden of Moncce 
Casablanca, March 1-4, 1984. : 
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‘am: weapons (LBW) and electron, proton or neutral hydrogen particle- 
apons (PBW). Neither side has deployed such weapons in space so far, 

s no doubt that enormous efforts and funds are being spent on their 
ent. This paper will consider the prospects of such weapons for the 
they are supposed to carry out, Such an assessment of the potential of 
ons is also necessary for the following reason. 

irices in beam weapons technology have contributed disuficaally to the 
nge of thinking among some military planners away from policies of 
‘Assured Destruction” (MAD) to policies which actually consider the 
f and hoping to win a nuclear war a distinct possibility. This has aroused 
ome quarters that such thinking may nullify the military credibility of 
\1) dogma and may produce an instability leading to possible pre-emptive 
f the difficulties of deploying beam weapons are widely and soberly 
‘ood, such fears may possibly be lessened. 


Beam Weapons 

sted beam weapons function by depositing on a target, missile or 
energies of 1 kilo joule or more. An energy impact of this magnitude 
eneral, create serious secondary thermo-mechanical effects in the target 
ll be destroyed or will malfunction. This energy would be delivered in 
ibly short time by the beam weapons. A laser or a particle beam travels 
elocities of 300,000 km/sec. while the target missiles or satellites have 
of the order of 1-7 km/sec. Thus, fired from 1,000 km away, the beams 
ke the target in milliseconds, during which the target would have moved 
than a few meters. However, the destructive beams must actually hit the 
this is in contrast to explosive warheads which can be lethal at 
ble distances. 

consequence of such short timings for deployment of beam weapons 
ls) as compared to the deployment of the ‘lumbering’ ballistic missiles 
es) is that decision-timings will also be in the range of seconds rather than 


o back to the uses of the beam weapons, one of the likely uses would be 


them in outer space on board a satellite some 1,000 km above earth, Such 
weapon could be used in an anti-ballistic missile (ABM) mode by firing 
iles during their boost phase. In this phase, the missiles are considered 
ly easy to locate and to track because of their limited angular movement. 
of some fifty satellites would be needed to cover all launching sites; a 
tellite would have to be capable of destroying some 1,000 missiles 
‘their boost stage which may last around eight minutes, Satellite-based 
yeapons may also be deployed in an anti-satellite (ASAT) mode to attack 
atellites. 
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Alternatively, beam weapons may be earth-based. Such earth-based 
may have applications in conjunction with space-based vehicles, the bea: 
reflected from mirrors mounted on the space-satellites. 


3. A Description of Beam Weapons 

To be of practical use, a beam weapon must be capable of de 
diverting or immobilizing a missile launched by an enemy, well before 
over the territory to be defended. As stated above, two main beam wea 
have been considered. The first is aimed at destroying intercontinental 
missiles soon after launch and so is mounted in an orbiting satellite and: 
range of at least 1,000 km plus rapid aiming and firing capabilities in 
cope with some 1,000 missiles in the eight minutes or so of the bo 
available. The second type is ground-based, having as target, mi: 
warheads) after their re-entry into the atmosphere. For these purposes a 
about 1 km is claimed to be sufficient. For a satellite-mounted system, 
possibilities are neutral particle beams or lasers. However, existing neutr: 
machines give less than a millionth of the power that would be requit 
effective weapon and yet weigh thousands of tons. The situation regardin 
is similar. Let us consider the two types of weapons in detail. 


3.1 Laser Beams 

Laser beams are intense streams of electromagnetic waves, all of 
frequency, phase and direction of motion. The waves are coherent. ‘Th 
output of a laser can be thousands or millions of joules, emitted in v 
bursts of millionths or a few billionths of a second. 

In the atmosphere a laser beam is amputated particularly in dust, fo 
haze. Even in cool dry air, its intensity is degraded by one half in four ki 
However, the propagation of a beam in vacuum is unobstructed exce 
small divergence of the beam. Thus, laser beam weapons are primarily s s 
operate in outer space. 


3.2 Charged Particle Beams 

In case of a ground-based system (assuming that lasers cannot be us 
because of their vulnerability to weather conditions) the suggestion: has b 
made that one may “bore a hole” in the atmosphere with charged particle: 
for example with a pulsed electron beam, in the same fashion as a lightni 
bores a hole in the atmosphere. Again, existing machines give output-b 
thousands of times lower than what would be required even under: th 
optimistic assumptions, Charged particle beams (electrons or protons) ca 
used in weapons mounted on satellites orbiting the earth for several rea: 
is that, due to space charge effects, a charge particle beam increases in diame 
exponentially, and so could not be focused onto a distant target. Seco dls 
charged particle beam would be deflected by the earth’s magnetic fie 
example, a beam of 1 GeV protons (an energy which has been propos 
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‘or. a beam weapon) mounted on a satellite, crossing the earth’s magnetic 
ghi angles, would describe a circle of about 100km radius. Thus charged 
eams would be restricted to trajectories nearly parallel with the earth’s 
field. Since the field distribution in space is not well known, the 
on due to the earth’s magnetic field could not be calculated accurately. 


eutral Particle Beams 

ext possibility to consider is the use of neutral particle beams. There is 
in method of making closely focused intense neutron beams, but it is 
o make focused atomic hydrogen beams. This is done by accelerating 
hydrogen ions (a hydrogen atom with an extra electron), focusing them 
stripping the extra electron off, by passing the beam through a thin foil 
f gas. 


esent Shortcomings of Beam Weapons: 

ergetic and Other Considerations 

see what an impossible task we have in providing such energies, recall 
ypical large city power station has power output no higher than 1,000 
atts (10°) watts. 


sitfal Particle Beam Weapons 

udies at the Massachusetts Institute of Technology (MIT) have shown that 
require a dissipation of over 3,000 joules per cubic centimeter to melt 
num shell of a missile. At the minimum, some 250 joules per cubic 
ter could be sufficient to set off the chemical explosive of an atomic 
tonator. “Assuming that a beam suffers a divergence of only 10° 
the beam radius would be about 10 meters at 1,000 km with this radius, 
‘the minimum, if we consider detonating an explosive covered by a thin 
aluminium, the beam energy required to set off the explosive would have 
in the region of 5x10” joules and to melt aluminium one would need ten 
this.” A ballistic missile would probably be traveling at about 1km/sec 
t leaves the earth’s atmosphere, and so would pass through the beam in 
lOms. An energy of 5x10° joules in 10ms represents 5x10'' watts (a 
fed thousand megawatts). 


sider the present state of the art in negative ion laboratory accelerators 
ould be needed to provide such beams. “The highest power accelerator 
‘type in existence is TRIUMF at Vancouver, Canada. It can produce 
jes: less than a millionth of what would be required from the above 
tion,” and this accelerator weighs over 4,000 tons and consumes about 
| of electrical power. “The highest peak current negative ion accelerator is 
ilab injector, which can give up to 30-milliampere beams at 200 MeV, 
vith a maximum pulse length of 60 microseconds and a beam divergence 
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about a hundred times that assumed in the calculation above.” This acce. 
about 200m long and requires 35MW of radio frequency power during th 
Thus, it can be seen that in the laboratories in the public domains we ar 
orders of magnitude below the performance required for a neutral beam: w 
so far as the United States is concerned. To our knowledge, the situatio 
USSR is the same. 


4.2 Laser Beams: Energetics, Fuel Requirements and 
Alignment Accuracy Needed 
The same considerations hold for laser beam weapons, even more so 
To damage a missile, a laser beam would need to provide a sufficiet 
density to melt a hole in the casing. “A bright metal casing will reflec 
pulses of laser beam up to a certain density, of the order of 10° watts/em? 
10’ watts/cm’, a laser beam drills holes in metal at the rate of about 1 
millisecond. It may be possible to achieve a beam divergence of abo 
radians, giving a beam diameter of about 10m at 1,000 km. However, 
power density of 10’ Watss/em’ over this area would require a total’ 
about 10'* Watts. If we assume a pulse length of about Sms (to penetrate 
skin) then the total energy required in the beam is about 5x10"! joules. 
The largest laser arrangement now in use is SHIVA at Livermor 
beam-energy totaling 2x10* joules. “At the same laboratory, a mor 
assembly, NOVA is under construction, which will give a total of 3x10: 
The hope is that one day, 10’ joules may be reached. That would sti 
than four orders of magnitude too small. Recall that NOVA is about 2( 
and will cost about 200 million dollars. And, once again, in the USSR 
appear to be significantly no more powerful laser systems, to our knowle 
The fuel requirements of a laser weapon represent another obsta 
hydrogen-fluoride laser would consume 660 kg of fuel for each 
destroyed. To shoot down 1,000 missiles, each satellite will need to De St 
660 tons of fuel (20 loads for the US space shuttle), 
To ensure the energy needs of the laser weapon, a consbination: of t 
power plant and rotor storage has been suggested, but the consequence 
satellite attitude of suddenly decelerating a multi-ton high-speed rotor (0 
two contra-rotating ones) appear not to have been considered. 
Further, as remarked earlier, it is necessary to make a direct hit with 
weapon, unlike an explosive anti-missile weapon, where a proximity 
used to set off the explosive, nuclear or chemical, if the aim is sufficient 
to put it within the range at which the blast can damage or deflect. Taki 
10m radius beam size assumed above, at 1,000 km the alignment error ha! 
less than 10 micro-radians, or about 2 seconds of arc. “This is about 2.1 
1,000 better than needed for an anti-missile rocket fitted with a nuclear we 
Thus, the tracking radar on the satellite would need to be able to loc. 
missile to this accuracy, and then the beam would have to be aimed, ei 
rotating the whole satellite in two planes, or moving some beam steering de 
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gnets or mirrors) relative to the satellite.” Even working from a fixed 
Id be very difficult to locate the missile and aim to the required 
in the fraction of a second, assumed to kill 1,000 missiles in eight 
x so. To do so on a satellite, where every movement will have its 
ding reaction, seems well nigh impossible. 

ifficulties are that if a hit is not achieved, there is no means of 


about the costs of such weapons? 

ost of a unit can hardly be assessed reliably from present extrapolations, 
kely to be in the billions of dollars range. In addition, the unit weighing 
of tons, would need to be assembled in space. “With the Space Shuttle, 
mated the present price of 10 million dollars per ton to put a satellite into 
ill fall to 4 million dollars per ton, but a 100-ton satellite would still cost 
on dollars to put into orbit.’ The number of units which would be 
ould be a minimum if they were to be put into geosynchronous orbit, 
000 km above the earth’s surface. However, the range would then be 
‘times that assumed in the above calculations, requiring more than a 
times the power for the system. If one considers an orbit only about 
high, for which the satellites would move rapidly with respect to the 
rface, one would need about fifty active units to ensure that at least one 
would be in the appropriate position to cover all the possible launching 
ailable to an enemy at all times (plus spares needed for failing satellites). 

s; such an anti-missile system would involve a minimum cost of many 
$ of billions of dollars, plus of course the costs of the geostationary 
s.for command and control. 


harged Beam Weapons 

neutral-beam and laser systems, which, as shown above, are the only 
hat could be considered for satellite-based weapons, are all but useless at 
vel for killing nuclear missiles. For the ground level, this leaves charged 
eams. “The main problem with these is scattering by the air molecules. 

ple. calculation shows that an electron beam of 1,000 amperes at 1GeV 
pand to greater than 80m radius at a distance of 1 km.” A similar proton 
uld be dispersed even in a shorter distance in a few tens of meters. The 
s of such weapons have suggested that a rapid sequence of beam pulses 
re a hole” in the atmosphere, by reducing the density by local heating, 
ming a plasma tube through which the subsequent pulses could propagate. 

ations have shown that, under ideal conditions, without any instabilities, 

d take about 1.5x10° joules to bore a hole, 1 cm? cross-section and 1 km 
ut that the beam size would increase by over four times over this distance” 
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so that the energy required would be much greater, about 10’ joule: 
1GeV, 1,000 ampere beam assumed previously, it would take 100 pul. 
microsecond length to deposit this amount of energy and to form the 
This means that the ground accelerator, accelerating the charged particle 
have to provide a mean power of 1,000 megawatts during 10-15 millis 
Even if such power levels could be provided, it is unlikely that a 
channel in the atmosphere would propagate in a straight line, due to inst 
as shown in lightning strokes, which often follow paths differing consid 
from a straight line. 


5.A “Fatal” Flaw in the Concept of Beam Weapons in Space 

But even if all these problems can be solved, there is a serious fla 
entire conceptual basis of these weapons which was pointed out by W.J. 
the Science Magazine in its issue of March 12, 1982. These exotic weapor 
easily be destroyed by a single nuclear blast in open space. : 

“Such a blast would instantly set up an electric pulse of upto a milli 
per meter in hundreds of satellites and battle stations, disabling 
replacing the bold vision of a Star Wars conflict with the dreary real 
nuclear graveyard. A 2-megaton blast just outside the earth’s atmosph 
set up a pulse in objects as far away as geosynchronous orbit, some 3 
above the earth. The effects of a larger bomb would reach even further.” 

Even though one knew since the early 1970s that satellites could be 
by a nuclear pulse, new strategic realities are beginning to make the thr 
worrisome. A nuclear blast in outer space sends out in all directions an 
number of prompt gamma rays and x-rays. On earth, such radiation i 
attenuated by the atmosphere. But, when these radiations strike a metal 
space, such as a satellite, “they knock out Compton electrons, creating.a 
imbalance in the skin of the satellite and setting up extremely high elec 
— on the order of 100,000 to 1 million volts per meter.” These surfac 
induce large currents and voltages in the electronic payload, causing d 
and burnouts. It is as if the delicate semiconductors that lie at the he 
satellite were suddenly hit by a bolt of lightning. The distance over whi 
effect can occur are immense, “an unprotected satellite suffering equipme: 
from a 1-megaton nuclear blast some 25,000 km away.” The closer the'sa’ 
or battle station to the blast and the greater the yield of the weapon, the lar 
more damaging is the pulse. 

Technologists who still want to try to protect space hardware have nc 
up hope, but they paint a gloomy picture. Rather than trying to build pre 
into valuable satellites, the emphasis is now shifting to taking them com 
out of the danger zone. “A satellite equipped with special sensors and: 
might be able to detect a nuclear-armed killer satellite thousands of kil 
away and kick itself into a distant orbit so as to avoid the damaging rays fro: 
blast. From there it might still be able to perform its critical mission. 
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ist make it clear that the figures and the quotations in this paper have 
from the writings of 1) A.M. Din (Institute of Theoretical Physics, 
ty of Lausanne) from his article Outer Space, A New Dimension of the 
, edited by B.M. Jasani and published by SIPRI, Stockholm (1982); 2) 
nemorandum prepared by M.C. Crowley-Milling of CERN, Geneva; 3) 
aper of W.J. Broad in the Science Magazine — the prestigious journal of 
vican Association of Advancement of Science, Washington, in its issue 
12, 1982; and 4) from a paper of Kosta Tsipis in Scientific American of 
1981. Tsipis participated in a series of workshops organized by the 
‘in Science and Technology of the Physics Department of MIT. Except 
the conclusions of the other authors are pessimistic. Din, however, 
the example of the development of nuclear weapons; no one, even in 
hen nuclear fission was discovered, would have expected that in six 
atomic weapons would be a reality. He infers that if a superpower is totally 
ed, with a committed scientific community backing it, and with 
d funds to spend (a total over the years approaching a trillion dollars — 
one-third of the combined GNPs of the two superpowers), it may be 
le to make a dent on the problems mentioned in this note and ‘acceptable’ 
h not 100% effective) beam weapons systems may be deployed in 15-20 


ever, those of us who want mankind’s resources spent on world 
pment can only ask in despair: are there really such irreconcilable 
fices among the super powers which call for these outlays, for a project 
in any case, can never eliminate with hundred percent effectiveness the 
rof nuclear devastation of the earth? Is there no other way that mankind 
agree on, against nuclear devastation? Is there no way that instead there 
-international collaboration in harnessing the scientific and material 
ces of such colossal magnitudes, for human development — for elimination 
nt, famine and disease in the South and degrading and soul-destroying 
sness in the North? 0 
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The Role of Science in 
International Development 


On behalf of the Society’s Chapter of the Friuli- Venezia-Giulia regio 
very great pleasure for me to welcome the European meeting of the Soc 
International Development (SID) to the International Centre. Trieste is 
which has taken upon itself the tasks of helping with international develo 
through Science, particularly in the developing countries. Since bringing ab 
awakening to the role of Science in development is also one of the major a: 
the Society, 1 am appreciative that the Society chose to meet here at the C 
Trieste. This meeting will acquaint our guests with the initiatives Trieste 
in this regard, with the Government of Italy’s active heip, and with th 
participation through this Centre. We are privileged to welcome one 
scientists every year from developing countries in all disciplines of Ph 
pure and applied, as well as the proposed UNIDO Centre. On our side, 
doubt give our assembled scientists newer perspectives in the task 
countries. 


There is no question but that the developing world is in a terrible situat 
present. The disaster of the Ethiopian famine is merely a symbol of thi 
are other indicators equally dire at which one may point. Take pea 
security; since the end of World War H, there have been one hundre 
conflicts-in the world, almost all of them fought on the soils of the dev 
countries. At the present time, twelve such conflicts are raging, almost a 
Third World, with at least half of them with direct or indirect involvem 
Super Powers. The loss of security and the misery these conflicts entail 
gauged even at a Centre such as this, which devotes itself to physics. Frequetit 
we are called upon to welcome scientific refugees from these countries in 
these wars are being fought. And then there is the economic bankrupt 
Third World, brought about not because of our countries’ profliga 
principally because of any lack of progress on ideas to which this Sociel 
made fundamental contributions — like the New International Economic Or 
with its insistence on fair prices for developing countries’ commo 
Altogether, the developing world is a very unhappy place to live in. : 

You have assembled to discuss today what role Europe can pli 
alleviating some of these problems. In this respect, I personally have a numb 


Talk at the Opening Meeting of the Society for International Develoy 
(SID), Trieste, Italy, January 18, 1985. 
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as a citizen of a developing country; second, as directing a United 
titute of Science designed for developing countries’ scientists which is 
n an oasis of peace and tranquility in Europe, through the generosity of 
ble country and a hospitable town; and, thirdly, as a member of a 
hapter of SID. Thus, whereas on one hand, I must highlight the 
ents of Europe and Italy in particular in respect of assisting 
ent, I will also be frank and critical from the point of the developing 
d their perceptions of Europe’s role. 

€ is no question but that some of the individual European nations have 
e records of help to, and have distinguished themselves by displaying a 
ling for, developing countries. To take one index of this in terms of aid, 
Holland, Sweden, France and Denmark already exceed the .7% target, 
nded by the United Nations, with Belgium reaching .6% and West 
‘teaching .5%. There are countries which have not attained this target 
once did and are now falling behind), like Britain with .35, Switzerland 
224, Austria .24. But even the Jast two countries (Austria and Italy) — 
started only recently — reach the figures registered by USA with its present 
ecall that at the time of the beginning of the Marshall Plan the US was 
an aid amount of 2.79% of GNP.) 


notwithstanding this commendable generosity, forgive me for saying 
When one hears of the scandal of the grain surplus either accumulating at 
10us cost to European. tax-payers and then being made available to some 
Juropean countries for feeding their cattle, when one hears of Europe not 
is political weight behind correcting the imbalance of commodity versus 
prices, one gets the perhaps wholly unjustified perception from 
ping countries of the passivity of European help — at the least, of not 
‘about these issues in a coherent manner. I mentioned farm surpluses 
ankrupt EEC. The other side of the coin is that five hundred million 
n this Earth (one in nine) are severely malnourished; 4 million children 
this week from diseases related to malnutrition, while a third of the 
food grains — four hundred and fifty million tons ~ are fed to livestock to 
high protein feod for the lucky few. In this respect, ] may be permitted to 
:-FEC Court of auditors itself as quoted in The Economist of London this 
his Court has severely criticized the administration of humanitarian aid 
EC. According to The Economist, in their 1983 financial report, they 
y state that aid frequently arrives late or at the wrong time. “By the end of 
er 1983, some of the countries in greatest need of aid (Tanzania, Zambia, 
malia, Sri Lanka and Madagascar) had not received any of the aid 
to them under the 1983 program. Altogether, only 42% of the cereals, 
e milk powder, and 26% of the butter oil the Commission had intended 
vas actually delivered.” 

started with these critical remarks on matters which are economic or 
both areas where I have no particular expertise. Forgive me for 
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bringing them up; but I shall now turn to my proper sphere, as a scientis 
concentrate on science-related problems. The plea I wish to make is in resp 
Europe taking a concrete lead in building up of scientific intrastruct 
developing countries. 


¥ do not have to tell this audience of the value of harnessing scien 
technology to the problems of development. There is no question but tha 
modem interdependent world and most of its problems have: basicall 
brought about by the physicist who has created the communications syste 
by the chemist and the biologist who created the penicillin and fert 
revolutions. There is no question but that the developing world’s problems 
only be resolved by harnessing and investing in science and technology. . 

Now Science and Technology do need investment for their deploymes 
first and foremost they need scientists and technologists — trained scientist 
technologists. There is, however, scant movement to build up trained sci 
communities in our countries. Even worse, while the need for technol 
recognized, the need for scientists and for science transfer is not even app: 
in the developing world. Thus, barring a few of its countries — Argentina, 
China and India ~ the Third World, despite its recent realization that science 
technology are the sustenance, and its major hope for economic bettermen: 
taken to science — as contrasted even to technology — as only a marginal acti 
I would not bring this point up today, but it happens to be true of the aid-gi 
agencies of the richer countries, of the agencies of the United Nations and 
unfortunately, of the scientific communities of the developed countries: w 
might naturally have been expected to be the Third World scientists’ fore 
allies in this crusade for more science. 


Why am I insistent that science in developing countries has been treated 
marginal activity? Two reasons. 


Policy makers, prestigious commissions (like the Brandt Commissi 
well as aid-givers, speak uniformly of problems of technology transfer. t 
developing countries as if that is all that is involved. It is hard to believe b 
that the word “science” does not figure in the Brandt Commission report: 
few within the developing world appear to stress that for fong-term effective 
technology transfers must always be accompanied by science transfers; thi 
science of today is the technology of tomorrow and that when we spec 
science it must be broad-based in order to be effective for applications: I-y 
go even so far as to say: if one was being Machiavellian, one might di. 
sinister motives among those who try to sell to us the idea of technology tran: 
without science transfer. There is nothing which has hurt us in the Third. Wi 
more than the slogan in the richer countries of “Relevant Science”. Regret 
this slogan was parroted in our countries unthinkingly to justify stifling: 
growth of all science. 
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is not clearly understood that science transfer is effected by and to 
nities of scientists. Such communities (in developing countries) need 
g up to a critical size in their human resources and infrastructure. This 
ding up calls for wise science policies, with long-term commitment, generous 
age, self-governance and free international contacts. Further, in our 
ies, the high-level scientist must be allowed to play a role in nation- 
g as an equal partner to the professional planner, the economist and the 
logist. Few developing countries have promulgated such policies; few aid 
es have taken it as their mandate to encourage and help with the building 
f the scientific infrastructure, 


my remarks, I wish to concentrate on just this one problem. I wish to 
sst that one sphere of action for Europe is to place emphasis on the building 
f scientific infrastructure in their aid policies and also to create institutions 
veloping countries on the limes that the Government of Italy has done in 
rting this Centre for Physics or the UNIDO Centre for Biotechnology. 
) illustrate my remarks, I will mainly be concerned with the new areas, not 
uately covered so far, concerning the sciences of energy and scientific 
gy. The need and value of creating institutions for scientific traming and 
search in these disciplines is well recognized. For example, Dr. Henry 
inger, as US Secretary of State in 1974, committed the US Government to 
ng up a multiplicity of institutions to meet the needs of cooperative world 
pment. Two of these were: 1} A “Development Security Facility” to 
ze prices of commodities against crude cycles of export earnings though 
exing” was decisively ruled out; 2) Measures to improve access to capital 
nology and managerial skills - and in particular an International Energy 
tute, an International Centre for Exchange of Technological Information, and 
national Industrialization Institute. 
He prefaced the need for such institutes by the remark: “Over the remainder 
his century, ... the division of the Planet between North and South could 
me as stim 2 as the darkest days of Cold War. We would enter an age of 
ng resentment, of a resort to economic warfare, a hardening of new blocks, 
idermining of cooperation, the erosion of international institutions — and 
d development.” 
one of these promises of these institutes has been kept. I saw Dr. Kissinger 
983 in Morocco. I reminded him of these promises — particularly the promise 
espect of the Energy Institute. He said — Write to me. I did. He graciously 
\owledged and that’s that. 


Why am [I stressing the role of one or more Energy Institutes? Every 
mist knows that the less developed countries with 34 of the world 
ulation consume only 12% of the world’s supply of energy, while the 
yped countries with 44 of its population consume 80% of the total. And this 
ance is increasing with the fuel prices escalating. During President Carter’s 


270 Science for Peace and Progress 


days, the US started to emphasize non-conventional energy research fo 
A by-product would have been provision of research for energy’ 
developing countries also. A UN Conference was held in Nairobi b 
conference notwithstanding, to: my knowledge, there still does not ¢ 
International Centre for Energy Research and Training on the scientific 
developing countries and their scientists. What is needed is a Centr 
should emphasize basic hard Science in this area. To quote the 
Economist again. In its issue of September 27, 1980, it had this to sa 
subject: “If solar energy is to provide the solution to the world’s fuel c 
solution will not emerge from low-technology roof-top radiators. A bre 
(will) come from applying quantum physics, biochemistry or other sc: 
the 2h century. Today’s technology-based industries ail depend. 
science.’ 

Thus, without a good base in solid state and material sciences, ther 
hope whatsoever of making good. An optical converter must make use 6 
material as possible; how little is determined by the penetration depth of th 
light and drift length of the excited state on which the conversion is base 
amorphous material this depends on the density of defects and an underst 
-of these. Efficient and cost-effective photovoltaics thus depend on p! 
solid state materials and not on a technologist’s tinkering. To fill part of th 
the Trieste Centre has felt that it should develop and concern itself w 
level physics of energy-related materials, and in particular, with phy 
absorbing and emitting surfaces. So far our Colleges in this field 
participation of around one thousand physicists. But Colleges every seco: 
are no substitute for a full-fledged Energy Institute for developing countri 

I would like very much a World Institute for Energy, for solar en 
photovoltaics and the like — to be one of the priority items to be cr 
European action. 


The second area in which I would like to see action on the scientifi 
in Ecology and, in particular, in the area of Climate Studies. I do no 
whether practically one can hope to change the climate; but surely it is 
that there is no scientific study of the climate of the Sahelian area ove 
term period. The universities in these regions have their Phy 
Meteorological Departments but these Departments are weak, ill-organ 
without any funds. They should be made stronger. We at this Centre are 
take steps to ameliorate this situation but once again, this will be one a 
many subjects studied here. I would wish for a new European org 
devoting itself to raising the scientific standards of the disciplines concerne 


Another area in which action is needed is the one highlighte 
International Union of Pure and Applied Chemistry in the field of fertil 
_ we all know, the total world population by the end of this century ‘ 
grown from four to six billion people, while the world’s area under a 
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se only by 4%. In December 1982, in the Philippines, six hundred top- 
emists of the world met and drew up a plan of action where chemistry 
utilized to raise the food productivity through chemical inputs in fifteen 

the year 2000 to increase world food productivity by 5%. A number of 
stitutes for teaching, training and research of chemists from the Third 
re to be created. To my knowledge, no start has yet been made. 


finuing with ecology and considering the steady cutting down of the 
forests, proceeding now at 2% of the forest per annum for firewood or 
ultural land, one of the anticipated disasters is the annihilation of a large 
of species and organisms which inhabit these forests. Approximately 1.5 
kinds of organisms have been named and classified, but these include 
t half a million from the tropics. 

any tropical organisms are very narrow in their geographical ranges and 
ly specific in their ecological and related requirements. Thus, tropical 
sms are unusually vulnerable to extinction through disturbance of their 
In most places, these forests will be gone within the next twenty to thirty 
d with them most of the three million of these organisms. 

the loss of organisms, we give up not only the opportunity to study 
but also the chance to utilize them to better the human condition, both in 
pics and elsewhere. The economic importance of wild species, a tiny 
rtion of which we actually use, has been well documented. Suffice to say 
é entire basis of our civilization today rests on a few hundred species out of 
ons that might have been selected, and we have just begun to explore the 
ties of most of the remaining ones. 

process of extinction cannot be reversed. Its effects can, however, be 
‘ated by finding the most appropriate methods of utilizing the potentially 
nable resources of tropical countries for human benefit. The explicit 
ship between conservation and development was well outlined in the 
id Conservation Strategy, issued jointly in 1980 by the International Union 
the Conservation of Nature and Natural Resources, the World Wildlife Fund, 
¢ United Nations Environmental Programme. 

‘a recent issue of the Bulletin of Atomic Scientists, PH. Ravan has argued 
f the West cannot find the means to eliminate real poverty in the 
Ogically devastated areas, the people living there will topple any 
ernment; be it friendly or unfriendly! Thus, according to him, it is no 
dence that El Salvador is ecologically the most devastated of all countries 
tral America and yet “the authors of the Kissinger Report pay no attention 
ecological problems which force peasants to shift to and destroy 
anently, through cutting of forest cover, the productivity of their marginal 
’ One may in this context ask if it is not the concern of the environmental 
s also in the developed countries — of Europe — to help to preserve this 
heritage? Should they not come to the rescue of the developing countries? 
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Should this type of global assistance not be a first charge on the inter! 
communities? Can Europe take a lead in this? 


I have given you a few examples of scientific global tasks; they ¢ 
multiplied, of the need for newer institutions, newer training and researc. 
newer ecological, and scientific organizations. As I asked before,» 
recommend that Europe take a lead in projecting such organizations? 


While we are dreaming and speaking of such global tasks, not nec 
scientific, let me conclude by mentioning Masaki Nakajima’s “Drea 
Mankind”. He has listed global super-infrastructure projects whic 
constitute elements of a “Global New Deal”; the implementation by th 
nations of the super-projects would lead to stimulation of constructive de 
manufacturing industries, as well as technological incentives, in lieu 
production, Hopefully, this would be accompanied by increases in G 
employment opportunity both in developing and developed countries. Acco 
to Nakajima: “Now is the time for mankind to exert a bold, new and brav 
range vision, a vision which transcends narrow short-term national inter 
As the prophet King Solomon said in the Bible: Where there is no 
mankind perishes.” As the great religions of the world teach us, in the 
most potent human actions stem from man’s ethical sense. [...] 0 


Life and Work of Abdus Salam 273 


ics and Excellences 
fe it Brings 


né title of my talk tonight is taken from Robert Oppenheimer. He had three 
excellences in mind. For the theoretician, the excellence of new ideas 
he attempts to read Allah’s design; for the experimenter, the excellence of 

scoveries, of the pleasure of the search, of carrying an experimental 
que to its limits and beyond; and finally, of the very human desire to spite 
eorist. Oppenheimer had these excellences in mind — but also much more, 
phasized the opportunity physics afforded him to come to know 
onally a class of great human beings whom one respected not only for 
intellectual eminence but also for their personal human qualities — a true 
tion of theit greatness in physics. And, in addition, he had in mind the 
nities which physics uniquely affords for involvement with mankind — 
parlance of today, in engaging in problems of development and of 
ng the human ideal. 


onight I wish to speak on some aspects of Oppenheimer’s thoughts from a 
nal point of view. I shall illustrate these by recalling my introduction into 
ch, on renormalization of meson theories, and the excellent men I was 
ed to meet while pursuing it. I also wish to speak on excellence through 
velopment as I was asked by the organizers. More precisely, I shall 
n the International Centre for Theoretical Physics, whose creation, under 
pices of the United Nations, I was privileged to suggest in September 
The Centre actually came into being only in October 1964 — beyond the 
date of this Conference’s coverage, However, the-ideas that went into the 
$ creation and the battles that had to be won, as well as the physics milieu 
carly sixties — with its desire to keep alive the mternationalism of the 
with its emphasis on science rather than technology, and with its 
n of brain drain of high level talent, particularly to the United States — 
within the period covered. 


: notion of a Centre that should cater particularly to the needs of physicists 
eloping countries had lived with me from 1954, when 1 was forced to 


ch delivered at the Conference on the “History of Particles from Pions to 
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leave my own country because I realized that if I stayed there much 
would have to leave physics, through sheer intellectual isolation 
September 1960 Rochester Conference, in his banquet speech, Me 
McCone, the then Chairman of the US Atomic Energy Commission: 
reference of the desirability of creating international centers in physic 
principally in mind accelerator establishments, which might be crea 
joint US/USSR/European auspices. After the banquet, over coffee, I re 
conversation with Hans Bethe, Robert Sachs and Nicholas Kemmer 
beautiful hall of the women’s residence at Rochester University. We di 
the practical possibility of such centers being created and came to the c 
that the simplest would be to think in terms of an international theoretic 
center. 

The same month I had the privilege of being able to voice, on behal 
Government of Pakistan, this visionary ideal, in the form of a resolut 
annual conference of the International Atomic Energy Agency (IAEA) it 
We were fortunate to receive co-sponsorship of the resolution. fr 
governments of Afghanistan, the Federal Republic of Germany, Iran, ‘Traq 
Philippines, Portugal, Thailand, and Turkey. As the list of sponsors indi 
setting up of such a center was of interest not only to the less privileged 
but also to some of the developed ones. The hope was that a center of 
besides providing a venue for collaborative international research fo: 
and the West, might also help in resolving one of the most frustrating 
that active scientists in poorer countries face — the problem of isolat 
men, supported by international funds, would come fairly frequent 
Centre to renew their contacts and engage in active research in their fields 

Right from the beginning we received enthusiastic support from’ th 
physics community. Niels Bohr, before his death, expressed his whol 
support; scientific panels, convened in 1961 and again in 1963 by the A 
physicist Director General, Dr. Sigvard Eklund, forcefully recomm 


creation. Members of the 1961 panel were Aage Bohr, Paolo Budinic 
Feld, Leopold Infeld, Maurice Levy, Walter Thirring; of the 1963 “T! 
Men Panel”, the members were Robert Marshak, Leon Van Hove an 
Tiomno. 

- Unfortunately, there was not the same unanimous response from th 
energy commissions around the world. At the 1962 annual conferenc 
IAEA (where those commissions represent their governments), even th 
creation of a center was accepted in principle after a divided vote — by a 
the industrialized countries voted against, and the developing countrie: 
Centre — the IAEA’s Board of Governors voted the princely sum of $55, 
set up an International Centre for Theoretical Physics. The United: 
Educational and Scientific Organization (UNESCO) voted $27,000 
additional offers of financial assistance from interested member states h 
solicited; of the five received (from the Government of Italy for a cer 


located in Trieste, from Austria for Vienna, from Denmark for Copenhage 
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or Lahore, and from Turkey for Ankara), the most generous was the 
vernment’s offer of around $300,000 plus a prestigious building, with 
inich, Professor of Physics at the University of Trieste, as the moving 
hind it. This was accepted in June 1963 and the Centre started 
ng on October 1, 1964, with a charter for four years. Oppenheimer 
nthe first Scientific Council of the Centre. In spite of his terminal 
‘came to Trieste, where he helped draft the Centre’s Charter. One 
him and his felicity of phrase — even in such legal drafting. Other 
f the first Scientific Council were: Aage Bohr, A. Matveyev, V.G. 
, Sandoval Vallarta and Victor Weisskopf, Dr. Alexander Sanielevici, 
mania, was one of the Scientific Secretaries. 


1e Centre and its functioning, I shall speak little tonight, for surely this 
me of the subjects covered by the future conferences in their series. In 
jen we assembled in Trieste in a rented building, the whole enterprise 
ike a dream. Once again the world’s theoretical community rallied 
s — plasma physicists as well as particle physicists. We cared not for 
y for physics. Our goal was to acquire scientific visibility. In this we 
led. -Thus, one year after the Centre’s inception, Oppenheimer could 
nt at the Centre’s Council: “It seems to me that the Centre has been 
ful in these eight or nine months of operation in three important ways. It 
tivated and produced admirable theoretical physics, making it one of the 
oci for the development of fundamental understanding of the nature of 
The Centre has obviously encouraged, stimulated and helped talented 
from developing countries who, after rather long periods of silence, have 
0 write and publish during their visit to the Centre in Trieste. This is true 
Sicists whom I know from Latin America, from the Middle East, from 
| Europe and from Asia. It is doubtless true of others. The Centre. has 
- a focus for the most fruitful and serious collaboration between experts 
1e United States and those from the Soviet Union on the fundamental 
ns of the instability of plasmas, and of means for controlling it. Without 
jtre.in Trieste, it seems to me doubtful that this collaboration would have 
itiated or continued. In all the work at the Centre of which I know, very 
Standards prevail. In less than a year it has become one of the leading 
tions in an important, difficult and fundamental field.” 


continue the story briefly, in the twenty years of its existence, the Centre 
rished, with physicists from one hundred countries, East and West, North 
uth, ranging over all disciplines of physics — from fundamental physics to 
cs on the interface of technology, environment, energy, the living state and 
able mathematics. The Centre welcomes around one thousand physicists 
industrialized and one thousand physicists from developing countries every 
‘or research courses, workshops and meetings and for conducting research, 
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for periods ranging from a few months to a few years.’ In additio 
generous grant from the Italian government, we provided one 
fellowships in experimental physics, tenable at Italian laboratories. We 
federated with approximately two hundred institutes, mostly in develop 
countries. In addition, our Scientific Council selects three hundred’ 
(whom we call Associates of the Centre) — these men and women are:a 
the privilege of coming to the Centre three times in six years for perio 
three months per visit, at times of their own choosing, provided they ar 
and working in developing countries. The Centre’s current budget is of the 
of five million dollars — three millions come from the Government of Ital 
from IABA, half a million from UNESCO, and the rest from other Gover 
Agencies. The US Department of Energy gives a special grant of $50. 
visits of US physicists. 
Although in the founding and running of the Centre we have depenide 
volunteer help of the world’s leading physicists, it remains a sad fa 
physics communities of the developed countries have, by and large, 
little assistance in an organized form to the cause of physics in’ dey 
countries, including the Centre. I wish to stress the word organized lest 
be failing to pay a heartfelt tribute to the continued work of great individu 
have made real sacrifices in this cause. 
There is no question but that the real amelioration of the worsenin 
for physics research in developing countries lies within the countries ¢ 
and the role of the Centre and any other outside agency can only: t 
generate self-reliant communities. But outside help — particularly 
organized help ~ can make a crucial difference. This could take variou 
for example, the physical societies could help by donating two hundre 
hundred copies of their journals to the deserving institutions and individua. 
by waiving publication charges. The American Physical Society in’ fac 
provide its publications at half cost to thirty-four physicists from thirté 
developed countries. IUPAP has been helping the Centre defray postage « 
distribution of old runs of journals donated by generous individuals 
schemes should, however, be extended by other societies and laborato 
cover equipment, and in fact CERN has recently signified its willi 
donate some of its used equipment to laboratories in developing countri 
important, the research laboratories and the university departments in. 
countries could finance visits of their staffs to the institutions in deve 
countries in an organized manner and reciprocally by creating schemes: 
three month Associateship scheme we run at the Centre — at the least fo: 
alumni now working at the developing country universities. Leon Leder) 
initiated a scheme at Fermilab whereby a number of Latin Am 
experimental physicists are regularly brought over to train them in techniq 


The 1986 figures were 2,160 physicists from developing countries and 1,440 10 
industrial countries. 
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ics and ancillary disciplines. And then there are the excellent 
ve schemes of training like the one which T.D. Lee runs for China. 
perhaps be extended to other developing countries. 

be forgiven for thinking in the following terms: that the physics 
| developed countries may consider contributing in their own ways, 
o the norms of the well-known United Nations formula, whereby most 
untries have pledged to spend 1% of their (GNP) resources for 
opment. In the end, it is a moral issue whether the better-off segments 
Ss community are willing to look after their own deserving but 
colleagues, helping them not only materiaily to remain good physicists, 
ning them in their battle to obtain recognition within their own 
ties, as valid professionals who are important to the development of 
untries and of the world. 


ch of the excellence of a life of physics for realizing the ideals of 
ent. Now, J would like to turn to the second aspect of Oppenheimer’s 
me of the excellent and humanly great physicists I came to know 
nally in the early part of my research. 

g the period covered by this Conference (1950-1964), it appears to me 
have been five major developments in theory. First, the rise and the fall 
s standard model; of pions and nucleons. Connected with this was the 
the later fall) of the S-matrix theory. The second major development 
inderstanding of the role of flavor symmetries, in particular, of flavor 
The third development concerned. with emergence of chirality; the fourth, 
u-Goldstone spontaneous symmetry breaking phenomena; and the fifth, 
‘Mills-Shaw gauge theory and its application to electroweak unification. 
told the story — at least of my humble part in it — in respect of the last 
elopments — the rise of chiral symmetry, of spontaneous symmetry 
d of the electroweak unification — in the Stockholm Lecture of 1979 — 
‘the story of interactions with Pauli, Peierls, Ward, Weinberg, Glashow 
I shall not repeat this, except to say that I can take legitimate pride in 
th the Yang-Mills theory as well as the flavor eightfold way were 
dently invented by two of my good pupils within the ethos of my 
roups at Cambridge and London. 


night, I shall concentrate mainly on the story of the short-lived rise of 
cleon theory as the standard model of 1950-51, in consequence of the 
it this was the only theory which could be renormalized then. The people 
with my story were P.A.M. Dirac, Nicholas Kemmer and Paul 
“at Cambridge, besides Freeman Dyson, who was visiting Birmingham, 
Ward at Oxford. 

immediate post-war generation — our generation — was brought up to 
licitly in the Yukawa model of the nuclear focus. The only open 
it that time concerned the spin of the meson and the precise form of the 
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nucleon-meson interaction. After Yukawa, Nicholas Kemmer — at least 
Japan — had made the most crucial contributions towards defining this proble) 
In a classic paper written at Imperial College, London, 1938, he had classifié 
Yukawa interactions — according to meson-spins and parities, and whethe 
were direct or derivative couplings. When I started research in October. 
Kemmer was at Cambridge. Surprising though it may seem, I had started li 
an experimental research student in the Cavendish, with a remit to scatter 
against deuterium for Sam Devons, now Professor at Columbia. .My: fin 
myself as an experimenter was in accordance with the Cambridge traditi 
handed down from Rutherford’s days; those who fared well in the Physics:T. 
became experimentalists,; those who got third classes were consigi 
theoretical research. Soon after starting, I knew the craft of experimental p 
was beyond me. It was the sublime quality of patience — particularly p 
with the recalcitrant equipment at the Cavendish — which I sadly’ 
Reluctantly, I turned my papers in, and started instead on quantum field 
with Nicholas Kemmer, in the exciting department of P.A..M. Dirac. 
I said I started on theory research, but it was not that easy. Those. 
days of renormalization theory with the papers of Tomonaga, Sct 
Feynman and Dyson providing feverish excitement. At Cambridge,. Ni 
Kemmer was the only senior person interested in these developments. 
behind him not only the kudos of having tabulated all possible 
interactions, but also the reputation of being a prince among mé 
generousness to a fault to his students. So I went to Kemmer and request 
to accept me for research. He said he had eight research students alrea 
could not take any more. He suggested I go to Birmingham to work with P 
But I could not bear to leave Cambridge — principally because of the bea’ 
the rose gardens at the Backs of my College — St. John’s. (Incidentally, Dirac 
at St. John’s College also.) I asked Kemmer, “Would you mind if I worl cd 
you peripherally for the time being?” He graciously assented. In: m 
interview with Kemmer, he said, “All theoretical problems in: Qu 
Electrodynamics have already been solved by Schwinger, Feynman and 
Paul Matthews has applied their methods to renormalize meson theori 
finishing his Ph.D. this year. Ask him if he has any problems left.” 
This was carly 1950. So I went to Matthews and asked him what 
working on and if he had any crumbs left. The first piece of advice Ma 
gave me was to forget the papers of Schwinger and Feynman and to co 
on Dyson’s two “classical” papers — particularly his most recent in 194 
he had shown that quantum electrodynamics was renormalizable to all or 
a. He told me he had spent one and a half years already, trying to rent 
meson theories. He had found that only spin zero may work. He was writ 
his one-loop calculation for his Ph.D. and had shown that the theory of’s 
mesons was indeed renormalizable up to the second order. : 
Matthews had at that time already tabulated which theories may possi 
renormalizable with the techniques then known. He had come to the conc 
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erivative coupling meson theory could be renormalized at ali, and that 
e direct coupling theories with nucleons, the only hopeful were either 
or the neutral vector theory (with massive mesons) could be 
izable. He had also shown that the neutral vector meson theory with 
asa replica of electrodynamics and one could take over the work of 
more or less intact and show its renormalizability. Regarding the spin-zero 
he had shown that one would, at the least, need an additional 4g‘ term 
is the meson field. The corresponding term for electrodynamics (e* A‘) 
ge variant, as had been remarked on by Dyson — with John Ward actually 
ng that the corresponding infinity did not exist. 

@ term for spin-zero mesons would however be a new fundamental 
on term with a new fundamental constant 4. A new fundamental constant 
od just too radical those days, and we agonized over this. But the real 
nm was: could one be sure that even with this new interaction term, all the 
could be assimilated to a renormalization of the meson-nucleon 
g constant, the masses of the mesons and the nucleons, plus a 
ization of their wave functions and of the new constant. Matthews had 
with one-loop diagrams and shown that renormalizability appeared 
ible. He could not go beyond one-loop because overlapping infinities started 
e in for higher loops and one had to solve this basic problem, before 
‘ess could be made. This was the situation around March 1950. 

Aatthews had his Ph.D. viva shortly afterwards. His external examiner was 
ni who was visiting Birmingham at that time. Dyson used to spend a few 
is at Birmingham and the rest in the US. In the viva, Dyson had asked 
fews about overlapping infinities. Dyson had asked him, “Have you come 
these infinities? And if so, how do you resolve the problems posed by 
* And Matthews had replied, “You have claimed in your paper on 
1m Electrodynamics (QED) that these infinities — which occur in the self- 
y graphs — can be properly taken care of. I am simply following you.” No 
question on these infinities was asked; both Dyson and Matthews kept 
t after this brief exchange. 


Gag 


ow overlapping infinities had indeed appeared in QED where a general 
fiergy graph can be viewed as an insertion of a modified vertex at either end 


¢ lowest order self-energy graph. Insertions of modified vertices at both ends 
d be tantamount to double-counting. But Dyson, in his paper, while 


ssing these, had recommended precisely this — that one should subtract the 
part sub-infinities twice before subtracting the final overall self-energy 
ity, Dyson must be right; but why? And what made life awkward was that 
as this troublesome overlap occurred only for self-energies in QED, for 
yn theories, the overlaps of the infinities were everywhere. 


With characteristic generosity of which I became a life-long recipient, 
hews said to me, “My viva is over. After my degree, I’m going off, to take a 
months holiday. And then I'll go to Princeton. You can have these problems 
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of renormalizing meson theories tiil I get back to work in the fall. And 
don’t solve it by then, I'll take it back.” 

That was the sort of gentlemen’s agreement we parted on. So I had t 
the bottom of the overlapping infinity problem before the fall. I thought 
best thing for me would be to ask Dyson’s help. So I rang him. I said: : 
beginning research student; [ would like to talk with you. I am 
renormalize meson theories, and there is this problem of overlapping diverg 
which you have solved. Could you give me some time?” He said, “I am. 
am leaving tomorrow for the US. If you wish to talk, you must come tonig 
Birmingham.” So I traveled from Cambridge to Birmingham that evening 
and his gracious wife put me up for the night. 

Next morning, Dyson came to the Department - this was the first 
had met him. J said, “What is your solution to the overlapping infinity pro’ 
Dyson said, “But, I have no solution. 1 only made a conjecture.” For a 
student who had just started on research, this was a terrible shock. Dyson ‘ 
hero. His papers were classics. For him to say that he had only made a con 
made me feel that my support of certainty in the subject was slipping aw. 
he was being characteristically modest about his own work. He explained 
what the basis of his conjecture was. What he told me was enough to buil 
and show that he was absolutely right. I traveled with him to Lond 
afternoon. He was due to catch his boat from Southampton later that day. 
it was during that train journey, in conversation with Dyson, that I appr 
for the first time how weak the weak forces really were. 

At Cambridge, amid the summer roses at the backs of the Colleges, 
back to the overlapping infinity problem, to keep the tryst with Mat 
deadline. Using a generalization of Dyson’s remarks, I was able to show tha 
spin-zero meson theories were indeed renormalizable to all orders. At th: 
transatlantic phone calls for physics research had not been invented. So 
vigorous correspondence with Dyson, with the fullest participation of Ke 
my supervisor. Exciting days indeed! 

The subtraction procedure that I designed worked in momentum sp 
crucial element of the proof was to associate with a given graph ; 
integration variables in momentum. space such that for the entire graph or foi 
of the sub-graphs contained in it, every possible infinity could be associa 
a one-to-one basis — with a single sub-integration. Assuming that thi. 
possible, the subtraction . procedure feft behind an absolutely con 
remainder — absolutely convergent in the mathematical sense. To prove this 
to-one relationship, one had to consider the topology of the graph. I could s 
with Res Jost’s help, that this result certainly holds for the so 
renormalizable theories. I have always felt very proud of this particular: 
the proof (Physical Review, 84:426 [1951]), but to my knowledge, the 
embodying this has never been referred to by anybody ever. I can only a 
that the result has been taken on trust and that no one has ever re-checked i 
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ntemporaneous with mine was the work of John Ward at Oxford, who 
| a most ingenious scheme of regularization. This depended on 
itiation with respect to external momenta and this was the technique used 
y Gell-Mann and Low in their beautiful work on the renormalization 
Later still, other regularization schemes were devised in X-space, notably 
lepp, Speer, Bogoliubov and Parasiuk. My procedure, however, was a 
tforward subtraction in momentum space. And it would also permit a 
of the wave function renormalization (7) factors correctly in all 
able situations. (P.T. Matthews and Abdus Salam, Physical Review, 185, 
. Matthews and I wrote a brief review of these developments for The 
ws of Modern Physics of October 1951 in which we stated the following 
ion for acceptability of proof in this subject: “The difficulty ... is to find a 
ion which is both concise and intelligible to at least two people, of whom 
may be the author.” We left it unsaid that “the other person may be the co- 
an here tell a story about this work being considered deep and believed in, 
om read. I was invited to the Institute for Advanced Study at Princeton in 
1951. I had by then applied my technique to renormalize charged spin- 
mesons interacting with photons. I took a manuscript copy of the new paper 
obert Oppenheimer to read and, if he approved, to send to the Physical 
ew. I then realized that I had given him a copy with no diagrams in it. So I 
‘to his office to retrieve the manuscript. I had to wait for some while because 
ad visitors, but then he came out of his inner office, saw me and said, “I 
ved reading your paper. It is a fine paper.” I should have kept quiet but like a 
I said; “I am sorry, I gave you a copy in which there were no diagrams. I 
hink you could have understood it.” Oppenheimer visibly changed color.. 
he only said, “The results are surely true and intelligible even without 
ams.” 
‘his proof of renormalizability of spin-zero meson-nucleon direct-coupling 
ry had come at an opportune time, With the discovery by Cecil Powell of the 
and the subsequent determination of its spin as zero, theory and experiment 
smed to converge to a definitive standard model of nucleons and pseudoscalar 
, with a direct Yukawa plus the Matthews interaction. Our elation, however, 
hort-lived. The Yukawa coupling which nature seemed to favor was not fhe 
t renormalizable pseudoscalar coupling but the unrenormalizable pseudo- 
r coupling. The two couplings were only equivalent in the lowest order — 
ith the large coupling diameters g’/4n~14 — was order by order perturbation 
y practical significance? 
hen came the discovery of the A (34,34) resonance, plus the discovery of the 
factor for the nucleon by Hofstatder. These coups de grace finally killed the 
1. Influential in our thinking was also the paper of Fermi and Yang, which 
tioned whether the pion was a fundamental entity or merely a nucleon-anti- 
on composite. 
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For me personally,. the disenchantment with the pion-nucleon the 
started much earlier. One of the post-war texts on nuclear physics 
Rosenfeld’s, which I believe he wrote in a wall-cellar during 194 
Belgium. This was a 600-page book, which then cost £6 — the equival 
something like $80 today. As a research student, I had invested in the bo 
great reluctance; it had burned a hole in my meager pocket. The book c 
of the theory of the deuteron, a complete analysis of meson-theoreti 
forces, with Moller-Rosenfeld mixtures and the like; and a description of 
nucleon scattering phase-shifts analyses below 1 MeV. Then Hans Bethe 
lecture at the Cavendish; during this lecture he made the categorical’ stat 
that all known deuteron parameters as well as any phase shift analyse 
1MeV, could determine no more than two parameters of the nuclear potenti: 
scattering length and the effective range. While listening to the lecture: 
thinking, “Surely this result Bethe has announced makes-a book like 
Rosenfeld irrelevant?” The thought crossed my mind that just after the 
finishes, everyone who has acquired a copy of the book will be trying to 
of it. So, immediately after Bethe finished, I rushed to my lodgings at $ 
College, retrieved my copy and made a sprint to the Heffers Booksh« 
which I had purchased the book. The sharks at Heffers offered me £3 if th 
to buy the book back even though it was in mint condition. I accepted 
course now I feel sorry that I sold it, because the book contained 
tables on harmonic functions. . 

I started my remarks with Dirac, who did not believe in the renorma 
ideas, which we were pursing in 1950-51. He listened to us, but: 
maintained the hope for a finite theory. He was recently proved right: by th 
of supersymmetry theories, some of which are completely finite - amo 
the N=2 and N=4 supersymmetry theories and more recently by the sup 
theories. In three decisive years, 1925, 1926, and 1927, with three paper: 
laid, first, the foundations of quantum physics as we know it; secondly, h 
the foundation of quantum theory of fields; and thirdly, that of the the 
elementary particles, with his famous equation of the electron, No man 
Einstein has had such a decisive influence in such a short time on the cow 
physics in this century. But additionally for me, Dirac, whom I later c 
know better, at the Trieste Centre, represented the highest reaches of ‘pe 
integrity of any human being J have ever met. Knowing him has been on 
excellences of my life of physics. 


I will conclude with a story of Dirac and Feynman that perhaps will 
to you, in Feynman’s words, what we all thought of Dirac. I was a witnes: 
the 1961 Solvay Conference. Those of you who have attended the old 
Conferences will know that at least then, one sat at long tables that were arr: 
as if one was sitting to pray. Like a Quaker gathering, there was n 
Agenda; the expectation — seldom belied — was that some one would be mor 
start off the discussion spontaneously. 
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the 1961 Conference, I was sitting at one of these long tables next to 
waiting for the session to start, when Feynman came and sat down 
. Feynman extended his hand towards Dirac and said: “I am Feynman.” 
clear from his tone that it was the first time they were meeting. Dirac 
‘his hand and said: “I am Dirac.” There was silence, which from 
n was rather remarkable. Then Feynman, like a schoolboy in the presence 
‘Master, said to Dirac: “It must have felt good to have invented that 
n:” And Dirac said: “But that was a long time ago.” Silence again. To 
s, Dirac asked Feynman: “What are you yourself working on?’ Feynman 
Meson theories” and Dirac said: “Are you trying to invent a similar 
1?” Feynman said: “That would be very difficult.” And Dirac, in an 
voice said: “But one must try.” At that point the conversation finished 
se the meeting had started, 


52, Richard Feynman 
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30 


Nuclear Security, Disarmament 
and Development 


The world’s stock of nuclear weapons, which was there in 1945 h 
growing ever since and is 50,000 in 1985. These numbers include “stra 
“intermediate” and “tactical” weapons. The average yield is ‘4 megatons ¢ 
per weapon. Nearly two trillion dollars of the public funds have been spe 
the years to improve their destructive power, and the means of deliverin 
One indicator of the awful power of these weapons is that the explosive yi 
the nuclear weapon stockpile today by the US, the USSR, the UK, F: 
China is equivalent to one million Hiroshima bombs. Less than 1,000 o 
50,000 weapons could destroy the USA and USSR. A thousand more in 
out nuclear exchange could destroy the world as a habitable planet, ending 
for the living and the prospects of life for those not yet born, sparing no 
no region of the world, 


Hannes Alfven has suggested that the word “annihilators” should be 
nuclear weapons, to bring home mankind their real nature. The awful poin 
nuclear annihilators is that the destructiveness has only superficially sun 
continue to think of a nuclear war in terms of the historical experie: 
mankind with wars in the past. “Thus, though it is recognized that the onl 
of nuclear weapons is deterrence, how many weapons are necessa 
deterrence has never been made clear by either superpower. Can the obj 
deterrence be expressed in absolute terms? Does it represent a minimum 0: (i 
city- destroying weapons or 1,000? How many lives, what proportion o 
enemy’s industrial capacity, have to be assured of extinction? The uncertat 
what the opponent may do next encourages the worst-case assunp 
makes the competition open-ended. ef 


“The military strategists have gone on from the doctrine of ‘detern 
‘damage limitation’. ‘Damage limitation’ meant that nuclear weapons mi 
given the capability to destroy other nuclear weapons before they cou 
death and destruction. Thus one could justify unremitting efforts 
modermization: goals of pin-point accuracy, an MX with the power to bl 
missiles in their silos, the ultimate Star Wars defense through satellite syste 


Speech delivered at the “Groupe de Bellerive Conference on Nuclear 
Nuclear Proliferation and Their Consequences”, Geneva, June 27-29, 198 
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ould not be misunderstood; I am not criticizing one superpower versus 
‘I will mostly use the US figures in this article only because they are the 
readily available. The truth is that both superpowers, equally, as well as all 
s of the nuclear club, stand indicted before the bar of humanity. A most 
ent question in this regard has been asked by the UN Secretary General in 
‘ech to the General Assembly on December 12, 1984, voicing the thoughts 


“As I look across this hall, I see the delegations of 159 member nations. 


most all of the world’s peoples are represented here. All of them — all of us 
ve under the nuclear threat. As Secretary General of this organization, 
ith no allegiance except to the common interest, I feel the question may 
ifiably be put to the leading nuclear-weapon powers: by what right do 
ey decide the fate of all humanity? From Scandinavia to Latin America, 
Europe and Africa to the Far East, the destiny of every man and every 
oman is affected by their actions. ... The responsibility assumed by the 
‘eat powers is now no longer to their populations alone: it is to every 


yuntry and every people, to all of us. 


“No ideological confrontation can be allowed to jeopardize the future of 
manity. Nothing less is at stake: today’s decisions affect not only the 
esent, they also put at risk succeeding generations. Like supreme arbiters, 


ith our disputes of the moment we threaten to cut off the future and 
tinguish the lives of the innocent millions as yet unborn. There can be no 
eater arrogance. At the same time, the lives of all who live before us may 
e rendered meaningless. For we have the power to dissolve in a conflict of 


hours or minutes the entire work of civilization, with all the cultural heritage 
humankind. . 

» “At a time of uncertainty for the young and despair for the poor and the 
hungry, we have truly mortgaged our future to the arms race — both nuclear 
d conventional, ... The arms trade impoverishes the receiver and debases 
ie supplier. Here, there is a striking resemblance to the drug trade. Yet we 
ontinue on the same course even when faced with the silent genocide of 
imine that today stalks millions of our fellow men and women. The 
ternational community has to focus and act on the link between 
sarmament and development. We should take concrete and far-sighted 
eps towards the conversion of arms industries from military to civilian 
roduction. And we should begin to redress some of the enormous imbalance 
etween research on arms and research on arms limitation and reduction. ...” 


i the context of security, it is pertinent to reflect from the point of view of 
oping countries. 


Security for us in the developing world means not only security from a 
lear winter, which may be unleashed on mankind by accident or through the 
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design of “homicidal maniacs”, but also security from conventional w 
on our soils. Since 1945, there have been one hundred and five wars (wit 
of 1,000 or more per year), with or without superpower involvement. The 
been fought in sixty-six countries — all of them in the Third World. Ti 
these are being waged today, in more than one third of which the richer:c 
are implicated. “On the average, each has lasted three and a half years. Th 
caused sixteen million deaths, the majority of them in Asia. Cambodi 
million, over one quarter of its population; Vietnam 2.5 million or 6° 
population; Nicaragua, by the end of 1983, had lost 1.5% of its populat 
35,000 deaths; and El Salvador 45,000 deaths, with 1% death toll. Most 
deaths took place among civilians with incalculable material and social ¢ 
example, in Iran, where damage to the civilian economy may be o 
hundred billion dollars; or in Afghanistan, — next door to my country: 
daily carnage continues, with superpower involvement. “With already foi 
five adults illiterate, 17,000 schools have been destroyed. * Thus, loss 
for us in the developing world is something, which is more immediate, 
we constantly live with. 


Regarding the military expenditure, conventional and nuclear, red 
numbers, “the world’s arms race and its effect on human life easily lo 
with reality.” The current global war-budget is around $700 billion per y 
of a total global GNP of 12,000 billions. Of this expenditure, 550 
attributed to the developed and 150 billions to the developing countries. 

Twenty-five million men under arms; one billion — one quarter of hu 
live under military-controlled government; and more than nine million cit 
have been killed in “conventional” wars since Hiroshima. 

How much are the superpowers spending on war today? “At $855 per. 
in 1982, military expenditures in the US are to be compared with $ 
comparable prices just before World War II. The military effort has risen: 
than GNP, with the US spending 6.5 percent of GNP as compared wi 
percent pre-war.” The implications this has in respect of diminishin 
expenditures need not be spelled out. Similar figures, even more st 
proportion, apply to the USSR. 

“Between 1960 and 1983, the world as a whole spent some eight ir 
(out of a total GNP of around 154 trillions) on military expenditures. .“* 
military expenditures of developed countries (including the centrally-plé 
rose by more than $400 billion, the foreign economic aid rose by no m 
$25 billion in 1982; the superpower military expenditures were 17 time: 
than their extension of aid to countries in need.” . 


*From Ruth Leger Sivard’s World Military and Social Expenditures, 1983. - 
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it is not just the superpowers, which have spent lavishly on war. With 
countries’ drive to sell arms, the developing world has been equally 
‘Among the 25 countries which since 1981 have had to negotiate to 
le their debt, six had spent more than $1 billion each for arms imports, in 
jears preceding. Between them the 25 piled up a bill of $11 billion for 
that period. Among 20 countries with the largest foreign debt, arms 
tween 1976 and 1980 were equivalent to 20 percent of the increase in 


hat does this military expenditure mean in terms of unmet global 
man needs? Again J quote from Ruth Leger Sivard: 

Poverty — Two billion people live on incomes below $500 per year.’ At 
one person in five is trapped in absolute poverty, a state of destitution so 
ete that it is silent genocide. 

obs — In the Third World, one in three who wants to work cannot find a 
job. In all countries it is the young people who are hardest hit by 
smployment, in the US half of black teenagers are jobless. 

ed — 450,000,000 persons — one tenth of mankind — suffer from dire 
er and malnutrition. There are an estimated 15 million deaths yearly 
malnutrition and infection, conditions which are preventable and which 
ty has both the knowledge and means to prevent. Every minute thirty 
Idren die for want of food and inexpensive vaccines and every minute the 
s military budget absorbs $1.3 million of the public funds. 

ducation — 120,000,000 young children of school age have no school 
can go to. Educational neglect in fact begins at the earliest ages. One- 
‘d of the children between the ages of six and eleven are not in school. 
250 million children in the world have not received even a basic 
ucation. To get a comparative estimate, the cost of a single new nuclear 
pmarine equals the annual education budget for 160 million school-aged 
lren in twenty-three developing countries. 


Ii not go on laboring these points, but concentrate on just a set of 
als which had been made from time to time at the forum of the United 
s by the Governments of France, Mexico, Senegal, the USSR, and others, 
as by the Brandt Commission, to redress this balance. The proposals 
‘the creation of an International Disarmament Fund whose proceeds 
used for development tasks. It is hoped that such a fund may 
ge war spending. In any case, it would ease warring humanity’s guilt- 
nd its conscience. The most detailed proposal is that from France 
by its President, Mr. Giscard d’Estaing in his address to the UN 
embly in 1978, This proposal, elaborated in a memorandum by the 
Government (United Nations Document A/S — 10/AC.1/28), envisioned 


se 1/2 billion live on incomes below $100 per year. 
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the fund as a new United Nations specialized agency, which would con: 
practical manifestation of the relationship acknowledged by 
community to exist between disarmament and development. Contributo 
fund would be those states, which were both most heavily armed 
developed; beneficiaries of the fund would be those States which w 
heavily armed and least developed. 

In principle, the fund would be based on the disarmament dividend a 
that is, on resources released by disarmament measures. However, th 
proposal also provided for a transitional phase of the fund with an inii 
time endowment of $1 billion, until resources derived from disarmament 
could become its long-term basis. In its transitional phase, contributi 
fund would be assessed on the basis of a State’s level of armament, mea: 
the possession of certain types of weapon systems the existence” 
according to the proposal, could be objectively determined. The fun 
make grants or loans to developing countries, utilizing as much a 


existing international agencies for the administration of its loan and grant, 
Various criteria could be used in the transitional stage to identify “ 

and most heavily armed” countries. Assuming that the five permanent 

of the Security Council would be automatically included, the following 

have been suggested (1977 statistics in 1977 US dollars): 
As a criterion of wealth: a per capita GNP of more than $1,000; 
As criteria of armaments: a level of military expenditure in ex 
percent of GNP; a volume of military expenditure in excess o 
billion. 


Of the sum foreseen as the contribution during the transition stage, amou. 
$1,000 million, 50 percent should be based on the States’ nuclear armame 
50 percent on conventional armaments. The criterion used to determi 
relative contributions for the nuclear sector of the United States of Ameri 
the Union of Soviet Socialist Republics could be their number of vehicle: 
on the SALT Agreement. The joint participation of these two countriés 
amount to 80 percent of the whole sum. China, the United Kingdom and 
would jointly contribute 20 percent. 


One may disagree with the details but the intention of setting up such 
is clear and commendable. For today’s discussion, I propose that we 
spend our time discussing the modalities of setting wp such a fund and i 
believe the two questions are linked. My remarks are mainly addressed t to 
issue, 

Why have such proposals for disarmament funds so far fallen 
wayside?’ Is it that such resolutions at the United Nations forum among d 
to UN bodies seldom bear fruit? If this is so, I believe that for effectivene 


°y suppose the setting up of such a fund unilaterally by their own nations never str 
the statesmen-proponents. : 
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he young men and women — particularly in the developed countries 
de of getting their governments to act. The public outcry, focused 
against nuclear weapons, is today firmly backed. How soon it will 
t government priorities is not yet clear but it has already become a 
r-weight to official policy that has lost touch with reality. It is 
hat this movement would embrace the constructive issue of 
it linked to nuclear and conventional disarmament. 

effect this, we must remember that the young people today are not 
the totality of global development tasks; nor always by dangers of 
population increase, nor by polarization of poverty and riches nor by 
cy. I believe that what immediately moves the young today are: i) 
nental problems; ii) death from hunger, and, iii) the desirability of 
n of dread diseases like leprosy and trachoma. 

ling is that if we ask for funds for eradication of illiteracy or generally 
the gap between the rich and the poor or for solving the energy 
the world — however worthy all these causes may be - it is unlikely 
ll succeed in getting enough public support. I would therefore like to 
at least at the outset — we should set out the goals of the 
nt: Fund to deal with: i) problems of global environment; ii) death 
er;-and, iii) eradicable human disease. 


er global environment. The biosphere has been likened in its thinness 
pon an apple”. Its survival intact is mankind’s survival. Take one aspect 
‘connected with the preservation of rainforests situated in the Third 
ding to the report presented to President Carter giving global 
or the year. 2000, significant losses of world forests — particularly 
tropics — are predicted for the next twenty years, principally as 
elwood and food, both from the poor and the rich, increases. The 
ts are now disappearing at the rate of 18-20 million hectares a year 
f the size of California), with most of the loss occurring in the humid 
ests of Africa, Asia and South America. The projections indicate that 
ear 2000 some 40 percent of the remaining forests cover in less 
intries will be gone. 

emphasize that an important factor in this disappearance is man’s 
ing to a recent study made by Catherine Caufield: “In the face of 
ess, the environment would seem to stand little chance of survival. The 
hg industry provides a perfect example. Because Latin American 
the price of America’s own home-produced grass-fed variety, more 
f the land is being turned into pasture — much of it at the expense of 
ts.” 


ufield. 1985. The Rainforest. London: Heinemann. 
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The question should be asked: Is the saving of this global heritage to 
to the poor impoverished countries of the South only? Should this not be a 
on a global fund — possibly linked with disarmament? 
Why is the disappearance of the tropical forests, proceeding now at 2 9 
forest per annum, disastrous for mankind as a whole? One of the many ec 
reasons is the anticipated annihilation of a large fraction of speci 
organisms, which inhabit these forests. 
“Approximately 1.5 million kinds of organisms have been nam 
classified, but these include only about half a million from the tropics 
tropical organisms are very narrow in their geographical ranges and 
specific in their ecological and related requirements. Thus, tropical organi 
unusually vulnerable to extinction through disturbance of their habitats 
more than half of the species of tropical organisms are confined to 
forests, in most areas, these forests will be gone within the next 20-30 y 
with them most of the three million of these organisms. 
“With the loss of the organisms, we give up not only the opportunit 
them, but also the chance to utilize them to better the human condit: 
the tropics and elsewhere. The economic importance of wild spe 
proportion of which we actually use, has been well documented. Suff 
that the entire basis of our civilization today rests on a few hundred spe 
the millions that might have been selected, and we have just begun to e 
properties of most of the remaining ones. Unfortunately, this is 
extinction cannot be reversed.” 
But how does a Global Development Fund come into this? In a rece 
of the Bulletin of Atomic Scientists, PH. Ravan has argued that if th 
cannot find the means to eliminate real poverty in the ecologically de 
areas, the people living there will topple any Government; be it fri 
unfriendly! Thus it is no coincidence that El Salvador is ecologically 
devastated of all countries of Central America and yet the autho 
Kissinger Report pay no attention to the ecological problems whic! 
peasants to shift to and destroy permanently, through cutting of forest co 
productivity of their marginal lands. One may in this context ask if it i 
concern of the environmental groups in the developed countries t 
preserve this global heritage? Should they not come to the res 
developing countries? Should this type of global assistance not be a first 
on the international communities and on a Global Development Fund? : 


A second area for which such a fund may be used is freedom fro 
with the Ethiopian tragedy still on public conscience. Favorable climate 
good arable land and chemical inputs are the four factors essential for en 
food production. According to the Carter Report the global area of aral 
will increase only four percent by the year 2000, so that most of the in 
output of food will have to come from higher yields. During the same: 
expected increases in world population.are nearly in the 30-40% range — f 
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llion. Unfortunately, to feed this enhanced population, and to avoid 
f other Ethiopias, most of the elements which contribute to higher 
crops — fertilizer, pesticides, energy for irrigation, and fuel for 
lepend on the scarce resources of oil and gas. 

the problem more difficult, regional water shortages will become 
1¢ 1980-2000 period population growth alone will cause requirements 
double in nearly half the world. Still greater increases would be 
mprove standards of living. In many jess developed countries, water 
ecome increasingly erratic by the year 2000 as a result of extensive 
Development of new water supplies will become more costly 
rywhere. 

action is taken, serious deterioration of agricultural soils will occur 
due to erosion, loss of organic matter, desertification, salinization, 
n, and waterlogging. Already, an area of cropland and grassland 
y the size of the state of Maine is becoming barren wasteland each 
the spread of desert-like conditions is likely to accelerate. Offices of 
ng Commission reported recently. “We in India are on the verge of 
ecological disaster, with our water reserves drying up. What is 
Africa is going to happen in India within a few decades.” 


as the chemical inputs for enhanced agriculture are concerned, in 
1982 in the Philippines, under the auspices of the International Union 
d Applied Chemistry, six hundred top ranking chemists of the world 
rew up a plan of action where chemistry could be utilized to raise world 
ctivity through chemical inputs in fifteen years — the goal being to 
rid food productivity by 50% by the year 2000. A number of world 
teaching, training and research for chemists from the Third World 
seated. If they are not, it will mainly be because of shortage of funds. 


tld Resources Institute of Washington DC, has made a list of some of 
tious ecological problems which are deserving of wide international 


of crop and grazing lands due to desertification, erosion, conversion 
non-farm uses, and other factors. The United Nations reports that, 
‘m and grazing land are being reduced to zero productivity at the rate 
enty million hectares a year. 

letion of the world’s tropical forests, which is leading to loss of forest 
erious watershed damage (erosion, flooding, and siltation), and other 
sequences. Deforestation is projected to claim a further one hundred 
ctares of tropical forests by the end of this century. 

ss extinction of species, principally from the global loss of wildlife 
the associated loss of genetic resources. One estimate is that more 
} plant and animal species become extinct a year, a rate that is expected 
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iv) Rapid population growth, burgeoning Third World cities and ecolt 
refugees. World populations will most likely double by the early decade: 
next century, and almost half the inhabitants of developing countries will 
cities — many of unmanageable proportions. 

v) Mismanagement and shortages of fresh water resources. Wate: 
diseases are responsible for perhaps 80% of all illness in the world today.. 

vi) Overfishing, habitat destruction, and pollution in the marine envit 
Twenty-five of the world’s most valuable fisheries are seriously deple 
due to overfishing. 

vii) Threats to human health from mismanagement of pesticid 
hazardous substances and from pathogens in human wastes and aquati 
An estimated 1.5 to 2.0 million persons in developing countries suffe 
pesticide poisoning annually and pesticide-related deaths are estimated ai 
a year. 

viii) Climate changes due to the increase in “greenhouse gases 
atmosphere. The steady build-up of carbon dioxide and other gas 
atmosphere, due principally to fossil fuel burning, is predicted to 
“sreenhouse effect” of rising temperatures and local climate change 
question increasingly is not “if?” but “how much?” For a variety of reas 
countries are likely to suffer disproportionately from the consequence | 
change.. 

ix) Acid rain and, more generally, the effects of a complex mix 
ozone and other air pollutants on fisheries, forests, and crops. 

x) Mismanagement of energy fuels and pressures on energy: re: 
including shortages of fuelwood, the poor man’s oil. Although the energy 
in temporary remission in the developed countries, the high costs of oil in 
and fuelwood shortages continue to plague much of the developing world 


And this brings me finally to one of the most crucial charge; 
Disarmament Fund — relevant scientific research in the areas of. § 
environment, food and dread disease. : 

“At the cutting edge of the military competition between the major po 
a mobilization of research resources without parallel in history. The resu 
this research provide an irresistible momentum to the arms race. Thi 
take-off in weapons research was even more spectacular than the rise i I 
expenditures in general. In the US, government-financed military R&D jum 
from $1.7 billion in fiscal ‘year 1974 to $22.1 billion in fiscal year 1983 
1980 prices). The 13-fold increase in research expenditures was four time: 
as the-already very rapid growth in US military spending over the same pe: 

The stark fact is that one half of mankind’s research effort is o 
R&D. The scientific talents of these men and women together with the re 
devoted to military R&D might have been spent on research on ecology, 
food and disease. 
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context, consider climate studies. I do not know whether one can 

change the climate; but surely it is a scandal that there is no 

idy of the climate of the Sahelian area over a long-term period. The 

in’ these areas have Departments of Meteorology but these 

are weak, ill-organized and without any funds. They could be made 

an one hope for a Global (Disarmament Development) Fund to 

e building up of indigenous scientific communities for carrying out 

dies in: the countries concerned? “The truth is that mankind is already 

the :““Third World War” — the war against our heritage of resources — 
‘On Planet Earth. And we are winning it.” 


53. Bertrand Russell 


| 


/ 
i 
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Science and Peace 


Science is the central fact of the twentieth century for Peace and War 
as Peace is concerned, there are three aspects of Science and Peace whi 
be concerned with: 1) Peace among industrialized countries, in parti 
super powers. This aspect of the problem is concerned essentially wit 
and nuclear peace. 2) Peace among developing countries and betwe 
industrialized and developing world. Willy Brandt pointed out in his 
World Prize Lecture in April this year: “The destructive machinery accum 
by the industrialized countries is actually killing people without arms bein 
... The billions of dollars, that the world spends on military purpos 
amounts to a death sentence for millions of human beings.” I shall ar: 
Brandt’s remarks should be extended, not only to the billions of dollars: 
has mentioned but also to the scientific talent and expertise — one half 
world’s total scientific effort is concerned with military R&D. 3) A thi 
of Science and Peace is that of the individual responsibility of the scienti 


That this issue of Science and Peace is important was first brought 
cognizance by Bertrand Russell addressing a gathering of scientists. Hi 
remark was, “Gentlemen, do not delude yourselves. Since Ar 
prostituted his talents in the service of war for Syracuse, scientis 
technologists have been using their expertise to further the war aims < 
and others in the name of defense of their countries.” Fortunately, we in thi 
are not alone in worrying about science and its relationship to peace. Th 
other groups which have emerged lately in all developed countries; grou 
physicians for social responsibility, physicians for the prevention of nu 
(comprising the set of people who have spoken against Nuclear Winter 
were awarded the Nobel Prize for Peace this year). Then there are gr 


scientists against nuclear arms, computer professionals for social respo 
electronics professionals for peace and computing and social responsibili 
last three groups, consisting of computer professionals, have been p 
visible lately, attempting to bring to public attention some of the te 
problems with President Reagan’s Strategic Defense Initiative (SDD. 
unfortunately no influential groups of scientists in developed countrie 
might worry about Peace and Science (or rather the lack of it) for the devel 
world, 

Address at a meeting organized by the Independent Commissi 
International Humanitarian Issues, Vienna, December 16, 1985. 
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Science is the central fact of the 20th century life. There is no question 
e shape of the present world, as we see it, is the product of science and 
of the last one hundred years — in particular of the: 1) science and 
gy which eliminated poverty, disease and early death for the developed 
weden suffered from famine one hundred and fifty years ago); 2) of 
logy of communications and telecommunications which have made the 
F One-World come true; 3) of the technology, for example, behind the 
revolution, responsible for the recent population explosion; and 4) of 
logies behind modern food production, of chemicals, pesticides and 
és which have kept this population alive. 


of these are positive aspects of science. On the negative side are the 


f science and particularly the technology connected with modern 
of destruction, that have led to the attitude of suspicion which the 
generation has acquired against science and technology. To be specific, 
as. brought mankind near to atomic annihilation. Chemistry — or the 
chemistry —- has wrecked the environment, while medicine and biology, 
f. all their triumphs in eradicating diseases of .the rich, have not 
‘themselves to the problems of diseases of the poor in developing 
where many a dread disease — malaria, trypanosomiasis, bilharzia — still 
medies. An example of what medical science could achieve if properly 
dis provided by the eradication of smallpox, accomplished by the action 
rid Health Organisation (WHO) recently. Why other diseases cannot be 
Padicateds is clearly due to lack of funds and lack of research on these 


onsibility of Scientists in Respect of Nuclear War 

ddressing this problem I shall make a distinction between science and 
gy, between high level scientists and the misuse of their work. Even if 
to such a distinction, the question arises, how much responsibility does 
vidual high level scientist carry, for example, in respect of nuclear 


+t us briefly consider the case of Einstein, one of the most morally 
Scientists of all times, and, of course, one of the most highly valued in 
és. Now Einstein was the father of the formula E=me” which is at the 
conversion of nuclear matter into destructive energy. So, in that very 
ft sense, without his contribution, no nuclear bomb would have been 
le. He was also the author of the first letter to Roosevelt which apparently 
the Manhattan Project but then he refused to join the project itself and he 
the Pugwash Movement after the war. 

1ost thorough discussion of the responsibility of the scientist is to be 
the autobiographical book of Werner Heisenberg Physics and Beyond: 
Sand Conversations. Heisenberg describes the time when he and his 
; Otto Han, Max von Laue, Walther Gerlach, Carl Friedrich von 
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Weizsacker and Karl Wirtz, from the atomic group assembled by th 
Government, were incarcerated at Farm Hall on the edge of Godma 
twenty-five miles from the University of Cambridge, after the end of h 
On the afternoon of August 6, 1945, they heard the special news flas 
bomb had been dropped over Hiroshima. Heisenberg says: “At first I re 
believe it, for I was convinced that the construction of atom bomb 
enormous technical efforts and probably the expenditure of many thou. 
millions of dollars. ... Worst hit of all by the news was Otto Hah 
fission, his most important scientific discovery had been the crucial ste 
road toward atomic power. And this step had now led to the horrible d 
of a large city and its population, of a host of unarmed and mostly: ir 
people. Hahn withdrew to his room, visibly shaken and deeply disturbec 
of us were afraid that he might do himself some injury.” 


Heisenberg goes on to describe his and von Weizsacker’s debate on 
Hahn bore any guilt. Von Weizsacker said, “We must probably maki 
distinction between the discoverer and the inventor. .... Hahn’ 
experiments were a discovery, the manufacture of the atom bomb an inv 
The physicists who built the bomb in America were inventors; they 
acting on their own behalves, but on the overt or implicit orders of a 
group anxious to obtain the maximum striking power for its army.” 

Heisenberg countered this by saying, “perhaps US physicists were 
Germany might be the first to produce atom bombs. And understandabl 
don’t think any of us could really object to that, particularly if we consid 
happened in our concentration camps. ... We should not criticize the 
among us was able to prevent any of the revolting crimes our Nazi go\ 
has committed? The fact that we did not know the full extent of thes 
no excuse, for we ought to have made greater efforts to find out.” 

Von Weizsacker’s reply was, “If we believe that, then we. 
American physicists for not having tried hard enough to make their voi: 
in public and for leaving to others the decision to use the atom bomb long 
they had to do so. For I have no doubt at all that the evil consequ 
dropping the bomb must have been quite obvious to them from th 
Heisenberg said in response, “I don’t know whether the word ‘b 
appropriate in this context. I simply feel that in this eae rés 
happened to be luckier than our friends across the Atlantic.” : 

Heisenberg goes on in later parts of his book to speak of his own: 
with Chancellor Adenauer. Adenauer had declared in public, “that the acq 
of atomic weapons was nothing more nor less than a strengthening of 
artillery, and that there was only a difference of degree between nuclea 
and conventional arms.” According to Heisenberg, “this was nothing” 
deception and we felt compelled to do something about it and make © 
public. ... We believed that we could lend weight to our declaration if : 
individuals, solemnly refused every form of participation in any: 
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programme,” This was the basis of a declaration which was 
m April 16, 1957 and “obviously had a strong effect on the German 
Adenauer was upset by a campaign that ran counter to the course he 
ully chosen, and he invited several of the physicists for a discussion in 
isenberg refused because he “could not imagine that any fresh or 
is would emerge.” 


onor to Heisenberg. But does this resolve the issue of whether scientists 
anize an oath like the oath of Hippocrates which medical men take, on 
ork on scientific projects — including projects in biotechnology and 
ering — which could eventually be detrimental to humankind. This issue 
uch to the fore of US and UK campuses in respect of the Strategic 
Initiative (SDI). Unfortunately, so far as the spread of nuclear weapons 
emed in the conditions of today, or even for the success of a partial SDI 
1, such action will not be decisive since it is not the high-level scientist 
eeded any more, in the production of nuclear weapons or SDI systems, it 
the technologist who can exploit the principles of science already 
d and in many instances clearly used for peaceful purposes. Whether 
1 would take such an oath any more than professional soldiers, or 
‘makers, depends on factors and the society’s priorities which go 
1¢ question of a scientist’s responsibilities. 


ie conclude by telling you of a recent initiative which we have taken in 
hat is, the setting up of the Third World Academy of Sciences. This 
ry. brings together eminent men of science from Third World countries 
ill be concerned, not only with the health of science in our countries, but 
1 the global South projects for research in these matters. The first 
of the Academy was addressed by the Secretary General of the UN on 
July this year and brought together delegates from sixty-three countries, 

eloping and developed, to discuss the question of research for peace, 
ity and health of mankind. The Secretary General in his eloquent address 
‘Alf honor to science which explores the universe and solves its mysteries. 
¢ to it as it examines the constitution of life. All honor to it as it 
tes the working of the mind-body organism. All honor to it as it seeks to 
pain. All honor to it as it enlarges the providence of the earth and all 
it as it ensures better communications between human beings and 
but no honor to science which has no compassion and is heedless of 
hope and man’s fear: the fear particularly in our age of the whole human 
‘committing suicide.” 


ne hundred years ago, a great physician of Islam, Al-Asuli, living in 
a, wrote a medical pharmacopoeia which he divided into two parts: 
ses of the Rich” and “Diseases of the Poor’. If Al-Asuli were alive and 
today about the afflictions wrought upon itself by mankind, I am sure he 
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would divide his pharmacopoeia into the same two parts. One part o 
would speak of the affliction of nuclear annihilation inflicted on humani 
richer half. The second part of this book would speak of the affliction wh: 
humanity suffers from -- underdevelopment, undernourishment and fami 
would add that both these ‘diseases spring from a common cause. 
science and technology for the case of the rich, and lack of sci 
technology for the case of the poor. He might also add that the persistence 
second affliction of mankind — underdevelopment — was hard to: und 
considering that the world has enough resources, technical, scienti 
material to eradicate poverty, disease and early death for the whole: of man 
it wishes to do so. 0 


54, Salam welcoming UN Secretary-General Javier Perez de Cuellar ‘ 
for inauguration of the Third World Academy of Sciences (TWAS), Tuly 5, 19 
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esertification and 
icit Study-Project 


vilege and pleasure to send a message on behalf of the Third World - 
of Sciences to this august international gathering, comprising 
ves of the Organization of African Unity, the host Government, 
f the African Academy of Sciences, the National Academy of 
1¢ McArthur Foundation, the World Bank, the US Board on Science 
gy for International Development, and the representatives of the 
stry for Foreign Affairs. 


marks will be principally addressed to the subject of the study-project 
Desertification and Food Deficit in Africa, at whose inception we 
thered. This project concerns not only the Sudano-Sahelian zone south of 
ut also a number of countries in Southern Africa. It is a fresh study 


ays. in which science and technology may be purposefully used for 
atin the starkness of distress and for enhancing the welfare of Africa — 
engaging international scientific expertise as well as the continent’s own 
capacity in the study. 
re are a number of remarkable things about this project which need to be 


‘the Drought, Desertification and Food Deficit problem is a highly 
comprising physical and biological as well as the human 
ions, It must, therefore, be approached in a multidisciplinary manner, 
g the best international scientific talent for the study. 

n order to be successful, the program of action which will be 
should consist of short-range as well as of long-term elements. 

this study, the involvement of African scientists is crucial. This is in 
f the utilization of already existing, excellent studies and reports, which 
implementation and support. In these studies, emphasis was placed, by 
‘on providing outside assistance. In contrast, the drought, 
| and food deficit team of international and African scientists’ plans 
, from the outset, the building up of local capabilities and the 
of local scientific leadership and institutional management. 


at the Symposium on Utilization of Indigenous Scientists in 
elopment, Nairobi, Kenya, June! -6, 1986, 
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I think ] can do no better than describe how the idea of this particul 
started. I hope you can bear with me while I tell the story, for it h 
morals for our present project. In April 1985, the Third World Fou 
(located in London) organized a meeting in New York at the United Na 
order to discuss nuclear issues and their impact on the development of 
countries. There I met Prof. Jerome Wiesner, ex-Provost of MIT. 

Now, in 1961, Wiesner and I had both been concerned with a 
project involving my country, Pakistan. The Pakistan project had its begit 
the centennial celebrations held at MIT under the chairmanship of W 
was at this meeting, that Prof. P.M.S. Blackett, Nobel Laureate in Phy; 
Imperial College, London, made his famous speech when he said th 
science which developing countries needed for their development ha 
been discovered; they had no further to go except to buy in. the 
supermarket of science and technology. 


I was the next speaker after Blackett. I humbly disagreed with n 
professor. As an illustration, I spoke of the blight of water-logging and 
Pakistan which had destroyed the fertility of twenty-three million acres ° 
our country, and for which there seemed no cure. ; 


When I finished speaking, Wiesner came to me and said, “I have 
appointed Science Adviser to Kennedy. Can you come with me to Wa 
Let’s plan a scientific team to look into this problem.” So we did. Roger 
who had been Head of the Oceanographic Institute at La Jolla, and who 
the Science Adviser to the Secretary of the Interior — with an offic 
Wiesner’s in the White House Annex, was induced by Wiesner to as 
team of twenty to thirty scientists, from research institutions and unive 
go out to Pakistan. This was January 1961. By July 1961, when Preside 
Khan made a State Visit to the US, President Kennedy was able to.1 
official offer for sending Roger Revelle and his team to Pakistan to inv 
scientifically the problem of water-logging and salinity afresh. 


What was so special about this team? First, it consisted of non-comm 
committed men of science, with a fresh outlook. Second, they were memb 
multi-disciplinary team. Third, there was an involvement of the two gov 
— the US and Pakistan — so that the hope was that the recommendation 
team would find active support, so far as implementation was concerned. 


The rest is history and Roger Revelle can tell it better than I can, H: 
toured Pakistan. They came to the conclusion that we in Pakistan ha 
pursuing the right course — pumping out saline water from the affected land 
new drainage canals, except that — and this was the crucial new point whic 
made — we were pumping over too small parcels of land ~ 50,000 acres onl 
must pump simultaneously over one million acres so that a net outflow cov 
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after leakage from the neighboring areas was taken into account — the 
maximization of area over circumference Effect in Operational 


akistan’s scientists’ involvement, this remedial measure has now 
the last twenty-five years: Pakistan is a surplus country so far as food 
éd; As I said, there are a number of morals in this story. First, a fresh 
committed scientists may uncover a newer slant to the solution of 
* second, one must have local scientific involvement; third, after 
stage, there is the stage of implementation for which the highest 
‘al itivolyement may be needed. 

New York last year, when we met, Wiesner and I agonized about the 
_and the need for a similar multidisciplinary scientific approach to 
Ving both the international scientific expertise as well as the local African 
Could one perhaps mount a similar team to explore the Sahel, and at 
time, build up African science and African institutes in this context? 


ame night, Wiesner acting on behalf of the McArthur Foundation, 
toger Revelle. On the other side, the US National Academy of 
| the African Scientists — led by Tom Odhiambo — who had come 
or the first meeting of the Third World Academy of Sciences at Trieste 
185, decided to collaborate together. We also succeeded in having the 
the World Bank, through its Vice Presidents, Mr. Moeen Qureshi and 
Husain, and of the Italian Government — in particular of the Under 
Mr. Forte — and of Bostid. 

efly, i is the genesis of this project, so far as we in the Third World 
ar concemed. What shape it will take in the future is for this meeting 


f the scientific aspects of the problem which need examination are 
‘have been spelt out by Revelle and Odhiambo. These concern: 1) Plant 
ch mistry of African soils; 2) Irrigation with both ground and surface 
3) Afforestation and agroforestry practices, 4) Reduction of soil erosion 


levant factors concern: a) Control of trypanosomiasis; b) control of 
éss; c) why the green revolution has been so relatively unsuccessful 
e possibility of setting up ‘cattle camps’. 
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Highlights of Science for Turkey 


It is an honor and a privilege for me to have been invited to speak o1 
in the Year 2000 in Turkey and in the Islamic World, at this gathering co 
by the prestigious journal, the Jnsan ve Kainat, and in the presence of the 
run this great country. 

My experience of dealing with the development-related Science 
from directing and running a United Nations International Centre for hig 
physics research located in Trieste, since 1964, Since its inception, this 
has had the privilege of welcoming of the order of 29,200 experimi 
theoretical physicists, more than half of them working in research insti 
universities in developing countries. I am also privileged to be responsible 
Third World Academy of Sciences, which comprises prestigious scie 
our countries and as such a purview of the year 2000 in sciences falls un 
Academy’s mandate. Professor Feza Gursey whom you all know is one 
distinguished Fellows who graces this Academy. 


Now first and foremost one must realize that Turkey represents 
nation, which has contributed from the earliest times to Islamic scholarsht 
science. The recently published Encyclopedia of Islamic Science, edited by 
Dogen, is a witness to the preponderance of Turkish names among tho, 
created science in Islam. 

Today Turkey has a population level nearly that of Great Britain an 
and some five times larger than that of Sweden. There is no reason wh’ 
should not be a leader of sciences, certainly by the year 2025, if th 
priorities are allocated to science. So far as physics is concerned, during 
fifteen years, the Centre at Trieste alone has been privileged to welcc 
hundred and thirty-four visits of physicists from Turkey, such is the enth 
of Turks for this subject. In this context, it is wise to remember that physic 
incredibly rich discipline: it not only provides us with the basic unders 
the Laws of Nature, it also is the basis of most of modern high technol 
physics is the “science of wealth creation” par excellence. This situatio 
well change in the 21st century, but this is true today. This is even in cont 
chemistry and biology, which together provide the “survival basis”: o 

Speech at the Symposium on “Turkey in the Year 2000”, Istanbul, 
November 5-7, 1986. 
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tion as well as of pharmaceutical expertise. Physics takes over at the next 
sophistication. If a nation wants to become wealthy, it must acquire a 
gree of expertise in physics, both pure and applied. The Third World as a 
slowly waking up to the realization that — in the last analysis — science 
logy distinguish the South from the North. On science and technology 
the standards of living of a nation and its defense standing. The widening 
een nations of the North and the South is basically the science gap. To 
gap, just tarn over the pages of a multidisciplinary science journal — like 
Not more than 1% of the papers originate in the South, and if any 
al Southern names are among other contributions, these are either Ph.D. 
or Southern researchers who have migrated to the North. 

; while the South is making some purposeful efforts to acquire 
gy, very few of us have yet woken up to the need of acquiring science as 
all therefore spend the bulk of my time speaking of science transfer. 


e begin by calling to your minds the year 1799 in Turkey: Against the 
n of the ’Ulema — and surprisingly even a section of the military 
ment — in that year Sultan Selim III did introduce the subjects of algebra, 
metry, mechanics, ballistics and metallurgy into Turkey. He imported 
nd Swedish teachers for teaching these disciplines. His purpose was to 
ropean advances in gun-founding. Since there was no corresponding 
Sis on research in these subjects, and particularly, in materials research, 
uld not keep up with the newer advances being made elsewhere. The 
as’ predictable: Turkey did not succeed. Then, as now, technology, 
rted by science, will not flourish. 

1y second example, take the situation in Egypt at the time of Muhammad 
years after the episode with Selim II that I have just recounted. 
Ali in Egypt had his men trained in the arts of surveying and 
ing for coal and gold in Egypt. This attempt was unsuccessful but it did 
ike him, nor his successors,.to train Egyptians on a long-term basis in the 
seology or of related environmental sciences, Thus, till this day, there 
e high-level Desertification Research Institute in the entire sub- 
of North Africa or the Middle East (except in Israel). When we 
nized a course on the Physics and Mathematics of the desertification 
e had to import teachers from Denmark — with their experience on the 
Greenland! 

rd example is again from Egypt, where, I am told, three million doilars 
setting up a factory for the manufacture of thermionic valves. The 
built in the same year that transistors were perfected and began to 
world markets. The recommendation to set up the thermionic valve 
f course, naturally made by foreign consultants. It was, however, 
gyptian officials who were not particularly perceptive of the way 
-advancing, and who presumably never consulted the competent 
their own country. 


: 
‘ 
i 
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Why do we neglect science and technology based on science: 
development is concerned? First and foremost, there is the question of 
ambition. Let me say it unambiguously. Countries of the size of Ti 
Egypt, or my own country, Pakistan, have no science communities. 
development because we do not want such communities. We suffer fro 
of ambition towards acquiring science, a feeling of antenionty <t t 

bordering sometimes even on hostility. : 


In respect of ambition, let me iNlustrate what I mean by the examp 
at the end of the last century, when the new Meiji constitution was. pre 
The Meiji Emperor took five oaths. One of these set out a national policy 
science — “Knowledge will be sought and acquired from any source 
means at our disposal, for. the greatness and security of Japan.” 
comprised “knowledge”? Listen to the Japanese physicist, Hantaro 
specializing in magnetism — a discipline to which the Japanese have c 
importantly, both experimentally and theoretically since. Writing i 
Glasgow — where he had been sent by the Imperial Government — to hi: 
Tanakadate, he expressed himself thus: “We must work actively with 
eye, keen sense, and ready understanding, indefatigably and not’ a 
stopping. There is no reason why the Europeans should be so: su 
everything. As you say, we shall beat those atlya bottya (pompous) 
science) in the course of ten to twenty years.” 7 

The same happened in the Soviet Union sixty years ago when th 
Academy of Sciences, founded by Peter ‘the Great, was asked to ‘ 
numbers and was set the ambition of excelling in all sciences. Today itn 
self-governing community of a quarter of a million scientists worl 
institutes, with priorities and privileges accorded to them in the So 
that others envy. According to Academician Malcev, this principally car 
in 1945, at a time when Soviet economy lay shattered by the war. Stalin 
at that time to increase emphasis on sciences. Without consulting anyo: 
apparently decided to increase the emoluments of all scientists and t 
connected with the Soviet Academy, by a factor of three hundred per 
wanted bright young men and bright young women to enter mas: 
profession of scientific research, and he succeeded. 


Among the developing countries today, from experience at Tries 
perceive just five which do value science and science-based techn 
whatever else be their hang-ups. These countries are Argentina and 
Latin America, and China, India and South Korea in Asia. Barring thes 
Third World, despite its realization that science and technolog 
sustenance, and its major hope for economic betterment, has taken to’ 
only a marginal activity. This is, unfortunately, also true of the ai 
agencies of the richer countries and also the agencies of the United Natio 
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ming that you agree with me that science has a role for development, 
insistent that science in developing countries has been treated as a 
ctivity? Two reasons: 
i Policy makers, prestigious commissions (even the Brandt 
on), as well as aid-givers, speak uniformly of problems of technology 
to the developing countries as if that is all that is involved. It is hard to 
but true that the word “science” does not figure in the Brandt 
sion report. Very few within the developing world appear to stress that 
‘term effectiveness, technology transfer must always be accompanied by 
sfer, that the science of today is the technology of tomorrow and that 
peak of science it must be broad-based in order to be effective for 
I would even go so far as to say; if one was being Machiavellian, one 
1m sinister motives among those who try to sell to us the idea of 
gy transfer without science transfer, There is nothing which has hurt us 
hird World more than the recent slogan in richer countries of “Relevant 


tifling the growth of ail science. 


d: Science transfer is effected by and to communities of scientists. 
unities need building up to a critical size in their human resources 
tructure. This building up calls for wise science policies with four 
ingredients — long-term commitment, generous patronage, self- 
‘of the scientific community, and free international contacts. Turkey, 
ld, has a total of 7,000 non-clinical Ph.Ds. Of these around 1,000 are 
ntists — 400 being physicists working in the universities and research 
tions. On US, Japanese, or European norms, the numbers of physicists 
.000, a factor of 10 larger. But this is not the whole problem. The 
is that, in our countries, the high-level scientist has not been 
© play a role in nation building as an equal partner to the professional 
economist and the technologist and this has gone on so jong that the 
has even forgotten that he should be claiming a stake towards 
ment. Few developing countries have promulgated such policies for 
aid agencies have taken it as their mandate to encourage and help 
uilding up of the scientific infrastructure, with a view to the scientists’ 
in development, and few scientists can or do fight for their 
share of such tasks. 


ience transfer? What is the infrastructure of sciences I am speaking 
why? First and foremost, we need scientific literacy and science 
all levels, and particularly at the higher levels — at least for the sake of 
and technologists. This calls for inspiring teachers, and no one can 
piring teacher of science unless he has experienced and created at least 
um of living science during some part of his career. This calls for 
pped teaching laboratories and (in the present era of fast moving 


Regretfully, this slogan was parroted in our countries unthinkingly to’ 
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science) the provision of the newest journals and books. This is the mini 
scientific infrastructure any country of any size must provide for. 
Next should come demands on their own scientific communities fto 
developing country’s government agencies and their nascent industri¢é 
discriminatory advice regarding which technologies should be acquired. 
Still next, for a minority of the developing countries, there is the 
indigenous scientists to help with their applied colleagues’ research wor 
any society, the problems of its agriculture, of its local pests and disease 
local materials base, must be solved locally. One needs an underpinning 
first-class base in sciences to carry through applied research in these’ 
craft of applied science in a developing country is made harder, simply. b 
one does not have available next door, or at the other end of the teleph 
men who can tell you what one needs to know of the basic a rel 
one’s applied work. 
I spoke earlier of indifference towards science. When I was 
consulting my Turkish colleagues, I was told that this came sometimes ev 
the engineering community — a community which, in Turkey, enjoy 
and status. I was surprised by this, for many reasons. Firstly, in Pakis 
experience is that a lack of appreciation of the possible role of scien 
from the shortsightedness of planners and economists and not engine 
same remark was made to me incidentally by Brazilian scientists.): 
was surprised because in the history of recent fundamental advances o 
crucial role has been played by engineers. Thus, for example, Y: 
man who first brought high-level physics to Japan and who was the teach 
two Japanese Nobel Laureates in Physics, H. Yukawa and S. Tomonag 
electrical engineer by profession. P.A.M. Dirac, the creator. of. 
mechanics who, in my opinion, is the greatest figure in physics: of 
century, was trained as an electrical engineer, Eugene Wigner, we Ww 
Prize for Physics, started life as a chemical engineer. 
To. reinforce my remarks, let me recall that in 1961, I atiended the ¢ 
celebrations of the founding of the Massachusetts Institute of.:Tech 
perhaps the most important technological school of the United States 
surprise, it was the engineers at this school who wanted the modicun 
to be increased in their curricula. 
The remarks I have just made are a repetition of iia I had the ri 
say at the UNDP meeting held here on September 2, 1985 in Istan 
speech at that time, I mentioned that Greece had joined the Centr 
Research at Geneva, the largest and the most prestigious European: or 
for Particle Physics Research, with an annual budget of a quarter: o 
dollars. Greece displayed the ambition of joining the big league in: sc 
one can visibly see as a result the maturity which Greek Physics has acq 
its transformation year after year. How this maturity will reflect itse! 
of development, will, of course, depend on the policies which Greece: 
in employing these men. But the physicists will be there, at any rate. 
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very glad that my voice did not go unheeded and that Turkey is 
ng to join the European Organization for Nuclear Research (CERN) like 
as already done, at least as an associate member. If properly used, this 
a’source of high technology besides high science, particularly as CERN 
ely decided to grant a 10-year remission to a payment of the full quantum 
bership dues (a few million dollars) for new applicants like Portugal, 
Turkey. In the first year of joining, 9/10 of these funds will be spent on 
> technical infrastructure — computers, data analysis, microprocessors, 
on-device technology, vacuum science and technology — within Turkey. 
lowing year this share will be 8/10’s, the following year 7/10’s within 
and so on. As I said, if it is wisely planned, Turkey could build up High 
well as High Technology through this enforced spending within 


‘am speaking of high technology, I am assuming, of course, that 
ing to follow the same pattern for its development as a country equal 
ze, so far as population is concerned. This is South Korea. South Korea 
advantage over Turkey of 100% literacy — as against 52%! — when it 
is forward course fifteen years ago. As you are aware, South Korea 
od its GNP from $100 per capita to $2,000 over this period. They had 
number of Koreans trained in the United States. Turkey has a similar 
today of having had a part of its working population trained in the 
gies of metallurgy, automobile fabrication and the like, in Germany and 
ropean countries. Just now, South Korea has embarked on a new phase 
hg: to develop its basic sciences, in addition to excelling in fiber optics, 
manufacture, and microprocessors, so much so that when I visited that 
weeks ago, I was asked to appear in a television interview lasting two 
f hours, together with Korean physicists. They told me that South Korea 
e it a national objective to win Nobel Prizes and they wanted me to give 
young people on how to achieve this. Such an objective may seem 
ige to some people, but not to the South Koreans. 


ond area, which may be exploited by the year 2000 is the areca of 
hysics. In its weekly section on Science and Technology, the London 
three weeks ago (October 18, 1986), writing under the caption “The. 
elongs to the Photon”, had this to say: 


r which may have affected literacy in our countries is the authorities’ and the 
pposition to printing. Though Turkey was the first among Islamic countries to 
rinting — as early as 1727 — when Ibrahim Mutelerrica received authorization 
imperial edict to publish the first edition of a 1583 manuscript on the “newly 
Americas” — Ibrahim Muteterrica’s presses were stopped at his death, and 
not resume in Turkey till the middle of the nineteenth century. The 

of to print the Holy Book (but in Arabic text only) was granted only in 1874 — 
indred and twenty years after the Gutenberg’s Bible! 
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Electronics has been the main engine of innovations since the inven 
transistor 40 years ago. Most of tomorrow’s interesting technologies wi 
manipulating light, not electricity. The electronics revolution is not yo 
electron was identified less than a century ago and the microchip, on which t 
information-technology industry utterly depends, has been around for few 
years. The successes crammed into these two hectic decades have cre 
impression that electronics is a technology capable of limitless improvemer 

It is not. Electronics will give way to a superior technology based. 
electricity but on light. Physicists did not realize until early this century 
came in the separate packets they now call photons. But science has m 
progress in manipulating photons. A photonics revolution is already in the mak 

Why is the switch (to photons) worth making? Because photons tr: 
than electrons; because they have no mass; because (unlike electrons, which: 
with each other) photons can be made to pass through each other unpertu 

Moreover, electronics is discovering its limits. Electronics has not re 
limit yet, but it is drawing close enough to worry engineers. 

The customary way to make computers cheaper and faster is to 
electronic components closer together. The number that can be fitted on a 
has grown from about a dozen twenty years ago to two million tod 
miniaturization, too, is bumping against limits. When components get too. clo: 
chips are aa by ‘cross-talk’ — the leakage of charges from one co 1 
another. . 

The case for a photonic solution is compelling. Sending several elec 
through one chip at the same time risks cross-talk and disaster. Not so with 
light: a chip could process several at once without their interfering wi 

Consider how rapidly light has nudged electronics out of tw 
information technology: telecommunications and the storage of informatio 

In communication, telephone companies are tearing out their copper 
quickly as they can afford to and replacing them with hair-thin optical fibre 
glass. Light is a better messenger than electricity. 

One way or another, light looks like the wave of the future. 


This is an area where the future is just beginning. A nation can 
ground floor. As I was told in Japan, companies like Fujitsu and So 
Hitachi do not rely on their superb technologists alone to excel. It is the 
in Physics, etc. - men who know photons (and electrons) intimately — w 
responsible in the last analysis for adding innovative quality to their p 
Turkish craftsmen have. demonstrated their predilection for minial 
technology — writing whole suras of the Holy Qur’an on a grain of ri 
they not excel equally in the newly emerging field of photon physics? 


The third area I wish to stress for the year 2000 for Turkey is Biot 
I wish to stress this since, partly on account of my urging, the Italian Gov. 
has accepted, together with the UNIDO organization, to create in Tri 
international center on Biotechnology for developing countries, like 
Physics. 
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well-known, the modern advances in genetics started with the 
f the genetic code by Watson and Crick. This great discovery in 
gy — one of the most synthesizing discoveries of the 20th century, possibly 
ie -- was made at Cambridge in April 1953 by two contemporaries of 
American, the other British, working at the world-famous Cavendish 
‘ which specializes in basic physics, [...] 

echnology is one of the newer sciences. Like physics today, 
Ogy’s applications are expected to dominate the 21st century — in 
n energy, in medicine. My next excerpt describes the obstacle which 
yping world (including the World of Islam) faces in building up 
this subject. This is a quote from a guest editorial from the journal 
( “Biotechnology thrives on new knowledge generated by 
biology, genetics and microbiology, but these disciplines are weak, 
>xistent, in the underdeveloped world. Biotechnology springs from 
‘and other research institutions, centers that generate the basic 
eeded to solve practical problems posed by society. But the 
the underdeveloped world are not research centers. And the few 
search groups operate in a social vacuum; their results might be useful 
t are not locally. Biotechnology needs dynamic interactions among the 
dustries. These interactions, however, are weak in countries in which 
perceived as an ornament, not as a necessity. Biotechnology requires 
ily skilled professionals, but underdeveloped nations lack sufficient 
trained in the pertinent disciplines. Economic scarcity and political 
on induces professionals and graduate students to emigrate or 
cience altogether.” 

titer goes on to ask “What can be done?” and his answer is: “First of 
developed countries must understand that they need to reform their 
es. They must recognize that molecular biology is not just another 
niology, but the one and only tool available for understanding 
tructure and function. Success in biotechnology depends on the 
and consolidation of the moving frontiers of cell biology and 


sure India, China, Argentina, Brazil and South Korea, among the 
ountries, will take heed of this call. The question is, shall Turkey 
Muslim nations take heed also or shall we lose out in this new race to 
tilize biotechnology? 


summarize. We must ensure that we do not lose out in new Physics, 
-based High Technology, nor in Biotechnology. That is if we wish 
morably in the 21st century; and wish to defend our culture and our 
We must ensure that our scientific enterprise is of first-class quality 
ciplines (like the South Koreans have ensured), and that it maintains 
act with international science. After all, science is at present being 
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created — and at a furious pace’ — outside the confines of our countrie 
present, very few of us, if living and working in our own countries, can ir: 
scientific institutions and meetings abroad. Such travel, as a rule, is consi 
wasteful luxury. In some of our countries, incredibly, it needs authorizatio 
the highest authority in the land! 

So far as biotechnology is concerned, as I said, the Italian local comm 
Trieste, in consonance with the government in Rome, has donated funds t 
an international institute of biotechnology. The local funds from the Gove 
of the Trieste Region are of the order of forty million dollars. Many othe 
countries will benefit — Turkey also. But I cannot understand why Turke 
Region of Istanbul — should not found an international institute of biote 
at the same level with its own manpower, which, if planned properly, can 
up in a short time. 

For physics, I know from my personal experience of working with the 
Turkish physicists are some of the most imaginative. They undertake: 
problems in physics consciously — and this is something I respect. I 
privilege of visiting this great country a short while back when I was hic 
be received by President. Kanan Evren. I suggested to him that, in my: 
what Turkey needed in its national priorities and plans was something ana 
to the Bell Telephone Laboratories in the United States in the field of pi 
communications. The Bell Laboratories have produced six Nobel Lauréat 
have contributed to basic physics, besides including transistors in thei 
inventions. I estimate that the Turkish (or the Egyptian or the Pakistani) : 
to the Bell Laboratories for Communication Physics would cost forty 
dollars to build and around four million dollars yearly, to run. I believe: 
done with the highest level of quality, and that one can find those wi 
create it in Turkey. z 


In the context of a State’s duties towards science, permit me,’ be 
conclude, to present to you the Proclamation 5461 of April 17, 198 
President of the United States of America. This proclamation reads: 

Since the time of its beginnings in Egypt and Mesopotamia some 500 
ago, progress in mathematical understanding has been a key ingredient of 
science, commerce, and the arts. We have made astounding strides since, fr 

theorems of Pythagoras to the set theory of Georg Cantor. In the era of the c 

more than ever before, mathematical knowledge and reasoning are essential 

increasingly technological world. 

Despite the increasing importance of mathematics to the progress. 
economy and society, enrolment in mathematics programs has been declini 
levels of the American educational system. Yet the application of matherts 


> To stress this furious pace, let me recall that last week at Trieste, during his i inaug 
lecture on the frontier subject of Brain Research, the speaker started with the rém 
“The last ten years have seen more accumulation of knowledge (and more books b 
made obsolete) in brain research than in the entire history of mankind.” 
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pensable in such diverse fields as medicine, computer sciences, space 
ration, the skilled trades, business, defense, and government. To help encourage 
tudy and utilization of mathematics, it is appropriate that all Americans be 
inded of the importance of this basic branch of science to our daily lives. 

‘The Congress, by Senate Joint Resolution 261, has designated the week of April! 
hrough April 20, 1986 as “National Mathematics Awareness Week” and 
rized and requested the President to issue a proclamation in observance of this 


d this seventeenth day of April, in the year of our Lord nineteen hundred and 
y-six, and of the independence of the United States of America the two hundred 


xample for our nations and our rulers to emulate, of what it means to 
are of basic sciences and their importance. [...] 


asked recently by the Education Minister of Kuwait to write on the 
of Science in Islam” for the Islamic Summit Conference, which is going | 
eld in Kuwait on January 26, 1987. Among other recommendations, in this 
e also pleaded for the creation of foundations of science and prizes of 
These foundations and prizes should come from both Islamic 
iments and private donations. I have asked the question why 1/8 of the 
ds in our countries should not be devoted to sciences, in keeping with 
is on sciences in the Holy Book of Islam. Let us make no mistake 
‘contrast to 250 verses which are legislative, some 750 verses of the 
an (almost one-eighth of it) exhort the believers “to study Nature, to 
take the best use of reason and to make the scientific enterprise an 
art of the community’s life”. I have been asking Muslim divines in 
akistan if they were devoting one out of every eight of their Friday 
0 stressing these aspects of sciences. In reply, they said that they would 
o, but they do not know enough science themselves. Has the time not 
for them to learn and to speak of the fundamental forces of Nature and their 
ion; of the structure of the earth, of the fascination and magic of the 
-ode as marvels revealed by contemporary science, and to bring these to 
usness of the believers, as the Holy Book enjoins us to do? 


‘Teiterate; I miss an attitude towards science so conspicuously absent 
yuntries from the 15th century onwards — which considers science as 
ntegral part of our lives. May I through you, Mr. Prime Minister, 
1at the moment has come when our courts of State should be adorned 
‘scientists? 1 am reminded of the court of King Arthur of legendary 
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fame; at that Court there was a Court Magician; his name was Merlin. It was 
function to use magic for forging steel for swords and to provide 
medicinal potions. We the scientists are the Merlins of today. We can perf 
feats of magic undreamt of by Merlins of yesteryears. We can indeed transfe 
society. But in our Third World countries, the Merlins have no place in the 
of State. Should they not be invited back? Some will say ~ and perhaps rig! 
that the Merlins in developing countries are amateurs, they do not know 
applied craft. They choose to live in their own ivory towers, and our societies 
thereby forced to import the real Merlins from the West. This may be tru 
why is it so? Could this emasculation have come about through the fact th: 
Merlins are so few in numbers, and even these few have never been permi 
make a contribution to development of their own countries. Not even by. 
colleagues — the economists — who in this metaphor are the High Priests o 
Only experience can teach the Merlin-Scientist the craft of developr 
problem solving, even if he knew his science. This vicious cycle of la 
mutual trust must be broken, I hope, before the year 2000. From all the porter 
can see — including the holding of this Conference — the year 2000 will 
glorious year of distinction in Sciences and their purposeful application to 
the problems of this great land of Turkey. Inshallah, ? 
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Ultimate Nuclear Accident 


s are assembled today to consider nuclear accidents of civilian reactors and 
ositions which mankind should make in case such accidents happen in the 
f the past accidents, two are specifically remembered: the Three Mile 
accident in 1979 and the Chernobyl accident in 1986, According to Dr. 
six, Director General of IAEA, the Chernobyl accident claimed thirty- one 
_the largest fraction, twenty-nine, from radiation exposure - with two 
d and three persons hospitalized for serious radiation poisoning, with an 
ctation of 5,000 to 20,000 additional cancer cases in the Soviet Union over 
seventy years, and a similar number of possible cancer deaths in Western 
These numbers are insignificant compared with the six hundred million 
er deaths expected in the same period. A total of 135,000 persons had to be 
1ated within eighteen miles of the plant — but only temporarily. They have 
st all returned by now. 


nen we speak of these accidents and their relative mildness ~ even 
d to the Bhopal Chemical Plant disaster - we forget that the estimated 
‘gy equivalent of the Chernobyl explosion was only of the order of 1/10th of a 
Compare this to the “Little Boy” atomic bomb dropped on Hiroshima, 
had the explosive energy equivalent of fifteen kilotons of TNT, and which 
or maimed 200,000 persons; while the present stock-pile of the world’s 
weapons is of the order of sixteen million kilotons. Jn other words, the 
which could be caused by the world’s stock pile of nuclear weapons, 
. equivalent to one hundred and sixty millions of Chernobyl-like 
.. Even without taking into account the direct deaths due to fire and blast 
00 killed in a flash in the case of the Hiroshima 15-kiloton nuclear bomb, 
caled up by a factor of a million — and extrapolating only from the twenty- 
jation deaths which Chernobyl claimed, nearly two-third of the 
tion of the five billion humans on the face of our globe could be wiped out 
esent stock of nuclear weapons, if deployed in the Chernobyl! mode. 


; sented at the meeting at the Academy of the Kingdom of Morocco, 
France, June 10-11, 1987. 
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As is well known, the number of nuclear weapons is now over 50,000: 
the average of 1/3 megaton TNT each — of which less than 1,000, if d 
appropriately, are known to suffice to destroy each of the USA and the: 
And one thousand more of these in an indiscriminate nuclear exchange ar 
to destroy the earth as a habitable planet — sparing no nation, nor any regi 
the world, because of a possible onset of a nuclear winter. Such is the over. 
today’s nuclear arsenals. 


I shall speak of a nuclear exchange happening accidentally and ons 
nuclear winter which may descend upon this planet, extinguishing human 
as the dinosaurs were extinguished sixty-five million years ago. Thus, to spe 
nuclear reactor accidents today and not of the nuclear weapon acciden’ 
the situation of a man falling from the 100th storey of a tall building. Durin 
fall, he descends to the 70th floor and he says to himself: nothing is 
happening to me. Then he passes the 30th floor, and he feels even more: 
though a little weary and shaken by now. This is precisely the type of's 
which human beings have come to feel at the moment in spite of Thre 
Island and Chernobyl. 


My thesis is that like the two accidents of the nuclear plants, whic 
been blamed on human operators who tampered with the engineering saf 
devices built into their reactors, the human element, particularly in the fot 
psychological stresses on those operating the nuclear weapons, could accide 
bring the world to a nuclear catastrophe. 


I am encouraged to speak thus by an article recently publishe 
London’s Sunday Times magazine, which gave a graphic description of 
inside a nuclear submarine. These submarines ‘can carry some 6,500 str. 
warheads. According to the SIPRI Handbook for 1986, there are sixty-two § 
nuclear submarines and perhaps one hundred on the Western side, in the 
oceans, each one of them capable of destroying cities, the size of P 
Moscow, or Saint Paulo, or Calcutta. Collectively, the firing from 
submarines could certainly unleash the nuclear winter I shall speak abou’ 


In the Sunday Times article, we were shown the inside of on 
submarine: the highly cramped space, one man on top of anoth 
claustrophobia; and the pressures which these men are subjected to durin 
long, cheerless and lightless missions at the bottom of the world’s ocean: 


Many of us also have seen a fictional movie which was made some whil 
— Dr. Strangelove, and how he came to love the nuclear bomb — the in: 
madness which grew over those who were dealing with these lethal weapon 
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iring a routine visit, a party of us a score of years ago were shown around 
the military installations, with an opportunity to speak to some of the 
“men who were due to fly nuclear armed bombers later. These young men 
en incarcerated and segregated from their families, they were not allowed 
en to any news broadcasts and they lived in isolation for one week in 
¢ of their mission which consisted of flying the armed bombers, subject to 
fearful psychological pressures, exactly like in the film of Dr. Strangelove. 
may have eased for these crews in the intervening years, but not for the 
rine crews. 


My recollections of the visit include coming across one of the most 
ing understatement of my life: a long cylinder was being hauled out to be 
ed onto a bomber. I asked the Colonel in charge what the cylinder contained. 
d airily, “It is a hydrogen bomb in the megaton range.” There was some 
ettering painted on the cylinder. I peered at it with curiosity. Drawing nearer, 
that this red lettering said absolutely blandly: “Explosive”. It was not even 


994 


Explosive”! 


‘hat worries me is that in spite of the hot-line and the fail-safe devices, there 
cording to the Sunday Times article, a residual permission given to the 
anders of these nuclear submarines to fire their lethal charges in the event 
they suspect something and do not receive any response from their 
luarters. 


his reminds me of the accidents at Three Mile Island and Chermobyl, which 
ie words of Valery Legosof, the chief Soviet delegate to the IAEA meeting 
nna, held for a post-mortem of Chernobyl — occurred because of the poor 
ng given to the human operators. “The accident has dramatized the need for 
intensive nuclear training of the plant workers. ... The accident happened 
se of the human weaknesses of those operating the reactor: these operators 
ded the safety systems.” I hope and pray that humankind can be sure that 
ne involved with nuclear weapon deployment is free of all stresses and 
ined. I hope and pray that this aspect of human operators and their 
ility is not treated as cavalierly as the question of operators at the Three 
land and the Chernobyl was, through the false security bred by twenty- 
fears of accident-free operation. 


pposing though, through an accident, such a nuclear exchange as I have 
talking about was initiated and did take place. Would the world end in ice or 
‘Both — for so many of the nuclear scientists believe. The fear is that a 
r exchange could throw enough dust and soot into the atmosphere to blot 
unlight that sustains life. This theory is now four years old and a part of 
lear nightmare. 
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In the words of the correspondent to the London Economist, the 
emerged “serendipitously”. In 1971, Dr. Carl Sagan and a group 
astronomers became intrigued by a thick dust storm on Mars. They notice 
during the storm, the Martian atmosphere became abnormally hot, whi 
same time, the surface of the planet became abnormally cool. The shroud © 
was being heated by the sun, but it reduced the amount of sunlight reac 
surface. nt 


“Several years later, the Nobel Laureate, Dr. Luis Alvarez and his sot 
Walter Alvarez, began to develop a theory that blamed the extinction 
dinosaurs sixty-five million or so year ago on a shroud of dust thrown in 
atmosphere when an asteroid hit the Earth.” [It began to dawn on Carl Sa 
his collaborators that the dust hurled into the atmosphere by nuclear explo 
could have similar, or perhaps more severe, consequences. To the dust wor 
added sooty smoke produced by burning cities and forests. ee 


“The hard part of the nuclear-winter hypothesis is not supplying the 
that the climate would be changed, but predicting, by how much. Th 
aftermath of a catastrophic nuclear accident would be inclement weathi 
certain.” But a nuclear winter which lasts so long that it could snuff out all 
and animal life everywhere is something which could be disputed. 


In 1983, Dr. Sagan and his collaborators predicted that a large-scale nucle. 
war would choke out the sun over the entire northern hemisphere. Tempera 
would fall by 30°C, and would not return to normal for months or years. B 
the damage to plants and microbes could be irreversible. 


Some scientists have disputed this because one cannot reliably predi 
The amount of smoke. Fires spread unpredictably, and how much combu 
material will catch fire can only be guessed at. “Cities contain mounta 
inflammables (wood, tar, asphalt, rubber, plastics, solvents, oi] and gas) 
amount of smoke produced by a nuclear war is put at anything from 20 milli 
650 million tons. The exact numbers are critical: the amount of light abso 
the smoke would drop off rapidly as the size of the smoke-bail falls below 
million tons.” 2) Where the smoke goes. “Beyond four kilometers up 
atmosphere there is little moisture and therefore little chance of smoke p 
being washed out by rain. We do not know how high the smoke will be c: 
by the nuclear fireballs.” 3) The weather. “Rain is hard to predict. If a ft 
volume of water vapor is blasted up with the bomb clouds, rainfall wo 
probably increase, washing the atmosphere clean.” Dr. Edward Teller has rio 
that the oceans could retain their temperatures for a long time even if t 
cooled off. The top few meters of the ocean have the same heat capacity 
atmosphere and as surface waters cooled they could be heated up by de 
waters. The sharp temperature differences that would be created between | 
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uld set off storms, rinsing out the smoke and may eventually return 
ie to normal! 4) Where the bombs go off. Different assumptions about 
produce different results. That is one reason why estimates for non-urban 
ade by America’s defense department and by Dr. Sagan differ. 


e enumerated the objections to the extreme nuclear winter hypothesis. 
ther side, one may note that one important detail neglected by Carl 
id his collaborators was the effect of coal dust. “Many American and 
ian missile ranges are located on coal-bearing strata. Large enough ground 
terrain of this kind could carry tens of thousands of tons of dust directly 
stratosphere in the rising fireballs.” Thus, nuclear winter could after all 
worse than predicted by Dr. Sagan! 


may be that the issue of a nuclear winter is in doubt — only some two or 
ions out of a total of five plus billion humans may die in case of such an 
nuclear accident, while life for the remainder may continue. But what 
‘the survivors, with scant and contaminated food, no medical facilities, no 
nications, no civilization as we know it! In this context, a most pertinent 
(ion has been asked by the United Nations Secretary General in his speech to 
neral Assembly on December 12, 1984, voicing the thoughts of all of 
ity and J shall conclude with this: 

- As I look across this hall, I see the delegations of 159 member nations. 
most all the world’s peoples are represented here. And all of them ~ all of 
live under the nuclear threat. As Secretary General of this organization, 
th no allegiance except to the common interest, I feel the question may 
tifiably be put to the leading nuclear-weapon powers: by what right do 
sy decide the fate of all humanity? From Scandinavia to Latin America, 
mm. Europe and Africa to the Far East, the destiny of every man and every 
woman is affected by their actions. ... The responsibility assumed by the 
sat powers is now no longer to their populations alone: it is to every 
untry and every people, to all of us. 

“No ideological confrontation can be allowed to jeopardize the future of 
manity. Nothing less is at stake: today’s decisions affect not only the 
esent, they also put at risk succeeding generations. Like supreme arbiters, 
th our disputes of the moment we threaten to cut off the future and 
xtinguish the lives of the innocent millions as yet unborn. There can be no 
greater arrogance. At the same time, the lives of all who lived before us may 
ye rendered meaningless. For we have the power to dissolve in a conflict of 
ours or minutes the entire work of civilization, with all the cultural pete 


conventional ... (which) impoverishes the receiver and debases the 
plier. Here then is a striking resemblance to the drugs trade. Yet we 
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continue on the same course even when faced with the silent gen 
famine that today stalks millions of our fellow men and wome 
international community has to focus and to act on the link b 
disarmament and development. We should take concrete and far 
steps towards the conversion of arms industries from military to: 
production. And we should begin to redress some of the enormous im 
between research on arms and research on arms limitation and reduct 
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anet is inhabited by two distinct types of human beings. According to 
ed Nations Development Program (UNDP) count of 1983, one quarter of 
ome 1,100 million people, are “developed”. They inhabit two-fifths of 
area of the Earth, while 3,600 million “developing” humans ~ Les 
les — live in the remaining three-fifths. I shall call them the rich and the 
ctively, although some of those in the developing world are not exactly 
ure economic terms. It is not just the level of poverty, which 
es one type from the other, it is also a question of ambition and 
, and the differing contribution made by each type to “present day 
d to science and technology. 

uring 1983, the rich countries enjoyed a total Gross National Product 
xf $10.5 trillion, $9,500 per year and per capita, or around $800 per 
For the same year, the poor countries had a total GNP of $2.6 trillion, an 
of $60 per capita per month. The part of the world J come from — South 
ich consists of Afghanistan, Bangladesh, India, Nepal, Pakistan, and Sri 
id has a population of 1,000 million had a GNP of $250 per capita. This 
n an average $20 a month or 70 cents a day. These 70 cents are supposed 
‘us with two daily meals, clothing, shelter, health care and education, if 


ch quarter of humanity “lead” the “North-Centric” world of today 
eir economic superiority and their military prowess. They include the 
powers, the USA and the USSR, with populations of 235 and 272 
id GNPs of $3.3 trillion and $1.85 trillion, respectively). The “leaders” 
e suffer from two problems: a nuclear psychosis and unemployment. 
m to have consciously chosen to keep 10 percent of their active 
) unemployed — feeding and clothing them at subsistence level. 

maining three-quarters of humanity include some of the people who 
he oldest civilizations of the planet — the Chinese, the Hindu, the 
id the Islamic. Their basic problems are lack of food (some countries 
ed by recurring famines); of shelter; of clothing; of health care; of 
Their situation is aggravated by the problems of unemployment; 


ublished in UNESCO Courier (Paris), May 1988, pp. 27-28. 
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adverse terms of trade; chronic indebtedness (to the tune of $ 
overcrowding; and lack of security. 
I am not referring to the obviously shelterless, the obviously needy. 1 
mind, rather, the uncomplaining hungry millions, who — and I sp 
experience — seldom get two regular meals a day; the millions who mu. 
choose between buying badly needed food or a schoolbook for their: 
They live in a crushing poverty of the kind that has not been known i 
and the United States since the time of Dickens. I never cease to be a 
despite this “silent genocide”, the human spirit does not break and tha 
the needy are still able to keep up a dignified appearance. 
Lack of security is today one of the most unsettling aspects oF life 
developing world. The causes include: military dictatorships (perhap 
dictator succeeds another, the struggle for sheer survival extin 
democratic spirit); the unsettled borders of nation-states, which ar 
legacy of imperialism; religious fanaticism, fanned by past events; 
territory; superpower rivalries and the insistent arms sales by the rich to ‘th 
apartheid. 


Unfortunately, there are few points of contact between the tw 
human beings. Some of these are historical in nature, a consequenc 
Imperial past. Others include a shared environment — most of the tropi 
which are the “lungs” of our planet happen to be located within the de 
countries. The rich countries are just beginning to appreciate the b 
importance of tropical forests for all humanity and the need 
responsibility for their upkeep. Another point of contact is the need for 
materials, substitutes for which cannot be easily found, such as oil an 
well as food items such as bananas. 

Trade could have been an area for contact, but it is not. All the dc 
countries together account for no more than 20 percent of world trade: A 
study points out that “the thirty-six countries — the ‘Real South’ — 
capita income of less than $400 and half of the world’s population (i 
China, India and Pakistan) surprisingly account for no more than 3 perc« 
world trade.” 

For all practical purposes, the “Real Poor”, like Frantz Fanon’s* 
Blacks, make no mark on the present world. Like all poor anywhere; 
disappear from the face of the Earth without leaving any trace. What can 
about their predicament? 

There are two contrasting answers to this question. Bither to elimina 
poor on the lines of what the Irish satirist Jonathan Swift suggests in h 


> Gerald Segal. Guide to the World Today (1987). 
* West Indian psychoanalyst and social philosopher known for his writings on beh 
the national liberation of colonial peoples in such works as Black Skin, White Mas 
(1967), and The Wretched of the Earth (1965). 
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proposal” to solve the problem of famine in Ireland two centuries ago.” 
the conscience of the world will not accept a “final solution” (and 
ately there are people in rich countries who would oppose this), then the 
ther alternative is to try to restore some measure of human dignity to this 
lent of peoples. 

y thesis is that the situation of the developing world can be improved in the 
rm only through an assisted and massive importation of modern science 
chnology, the possession of which is the basic difference between the 
and the South. Such a step may incidentally also solve the unemployment 
m of the rich countries through the demand for goods and services it would 


Modest Proposal for preventing the children of the poor people from being a 

eir parents or country, and for making them beneficial to the publick (1729), 
‘Swift suggested that economic conditions might be alleviated by using the 

f the poor parents as food for the rich. 
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Scientific Thinking between the 
Secularization and the Transcendent: 
An Islamic Viewpoint 


Introduction 

I would like to begin by offering my profound appreciation to ihe 
Agnelli Foundation for contributing $3,000 to the Fund for Physic 
Fund, which I created for the developing countries’ scientists, from the. 
of the Prize, which was given to me in 1979. The Holy Prophet of Islam't: 
o “thank men and women whenever they do good for you”, for “whos« 
not thank people, does not thank Allah”. In keeping with this teaching; 
my gratitude to the Giovanni Agnelli Foundation. Since the Fund f¢ 
represents a charitable purpose, I unashamedly say that I would app 
others could join in keeping the Fund alive. 


I have divided my remarks today into three parts. First, [ wish to 
issue raised by my esteemed colleagues — some of whom are Nobel 
who have opinioned that “Science is the creation of the Western, d 
Judeo-Christian tradition.” I disagree with them and I shall exp 
Secondly, I would like to reflect — in the context of the three Abrahamic 
(Judaism, Christianity, Islam) — on the topic, which-we have been asked 
on, ie., Scientific Thinking (as a bridge) between Secularization: at 
Transcendent. (I shall not speak about the high traditions of the tl 
Abrahamic world creeds — Hinduism, Buddhism and Confuciani 
simply because of ignorance. Thirdly, I shall speak on the question — 
believer? In this context, let me say right away that I am both a believer 
as a practicing Muslim. I am a Muslim as well as a scientist because I be 
the spiritual message of the Holy Qur’an. A.J. Arberry, who was Prof 
Arabic at the University of Cambridge, and whose translation of the Holy 
is probably the most poetical, had this to say: “The Qur’an was the, 
inspiration of a religious movement which gave rise to a civilizatio 
extent, vast power and profound vitality. The literature and fine art 
Muslim peoples spring from this fountainhead. No man seeking to liv 
same world as Islam can afford to regard lightly, or to judge ignorantly, t 
that is called the Qur’an. It is among the greatest monuments of mankind.’ 


Talk at the conference organized by the Giovanni Agnelli Foundation 
Italy, June 21-23, 1988, 
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Part lI 
Openness and Democracy Within the Scientific Community 


t, I want to take up the rise of modern science and its relation to the 
emocratic tradition. Clearly, the Western tradition cannot be the whole 
since this, for example, would exclude the rise of excellent science created 
in the present century. My own view has always been that science is the 
sreation and joint heritage of all mankind and that as long as a society 
rages it, science will continue to flourish within that society. 

1 sure it is painful for some of you to hear, and painful for me to say, but 
ith of the matter is that excellence in sciences is dependent on the freedom 
nness within the scientific community in any society (assuming that such 
inity is large enough) and not necessarily upon the openness or 
acy within the society at large. In sciences, if there is a considerable body 
ns who appreciate what one is engaged in; if there is a body of persons 
permitted to discuss freely and openly their doubts, express their 
tions of each other’s work as well as speak out their own visions; if there 
dy of persons who can discard the beliefs they cherished, if empirical 
goes against these beliefs — then science at the highest level will 
¢ to be created among such people. In the USSR, for example, there is a 
irge community consisting of a quarter of a million scientists who work 
ademy of Sciences and similar institutions, and who have their own 
ystems and value judgments. Thus till such time as openness and 
democracy continues to prevail among this community, science in the 
all flourish. Of course, it will flourish even more if the whole society 
ts democracy as Mr. Gorbachev would like it to. 


ond is the question of whether modern Science and Technology is a 
henomenon. I am prornpted to ask this question because recently, my 
colleague, Professor Ilya Prigogine, posed this question about China: 
f the well-known Chinese pre-eminence in technology till the 15th-16th 
and their numerous discoveries of science application, why did modern 
ot emerge from China? He goes on to say that among the many reasons 
ard is the “absence of a sovereign, law-giving God, a concept deeply 
:d in European thought at the end of the Middle Ages. What today we 
al science was born in a culture dominated by the notion of an alliance 
n man, situated at the interface between the divine order and the natural 
and a law-giving, apprehensible god, a sovereign architect conceived in 
age. ; 

rding to Prigogine, “the correspondence between the German 
tician and philosopher, Gottfried Leibniz, and the English philosopher, 


The correspondence followed a criticism made by Leibniz in which he 
Newton of having a very poor opinion of God, since, according to 
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Newton, his handiwork was less perfect than that of a good clockmake 
had, in fact, spoken of the constant intervention of God, the creator of 
whose activity he unceasingly nourished. In reply, Newton and Clarke 
Leibniz of reducing God to the status of a Deus otiosus, an idler king, w. 
a once-and-for-all act of creation, retires from the stage. In classical 
dominated by the notion of the possibility of an omniscient power indi j 
the passage of time, Leibniz’ view prevailed.” 

This is an interesting thought. If this is true, then, in all justice, ther 
be a recognition of the Islamic, in addition to the Greco-Judeo-Chnistian 
Since this is an important point for the scientific future of one qu 
humankind, to which I belong spiritually and culturally, I shall tak 
explain why I believe this to be the case in the next few sections of this 


The Holy Qur’an and Science 
Let me affirm once again that so far as a Muslim is concerned, thé 
speaks to him directly and emphasizes for him the necessity for reflect: 
Laws of Nature, with examples drawn from Cosmology, Physics and B 
“Can they not look up to the clouds, how they are created; 
And to the Heaven how it is upraised; 
And the mountains how they are rooted, 
And to the earth how it is outspread?” (Al-Qur’an, 88:17) 


And again, 
“Verily in the creation of the Heavens and of the Earth, 
And in the alternation of the night and of the day, 
Are there signs for men of understanding.” (Al-Qur’an, 3:189- 9 


Seven hundred and fifty verses of the Qur’an (almost one eighth of 
exhort believers “to study Nature, to reflect, to make the best use of the 
their search for the ultimate and to make the acquiring of knowle 
scientific comprehension part of the community’s life.” The Holy Prop 
Islam (Peace be on him) emphasized that the ‘ ‘quest for knowledge ang sci 
is obligatory upon every Muslim, man and woman.’ 


Classical Science, A Greco-Islamic Legacy? 

How seriously did the early Muslims take these injunctions in ny th 
Qur’an and of the Holy Prophet? ; 

Barely a hundred years after the Prophet's death, the Muslims had 
their task to master the then-known sciences. Founding institutes of adi 
study (Bait-ul-Hikmas), they acquired an ascendancy in the science 
technology that lasted up to around 1450 AD when Constantinople de fe 
technologically superior Turkish cannonade. 
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Golden Age of Science in Islam was doubtless the Age around the year 
, the Age of Ibn Sina (Avicenna), the last of the medievalists, and of his 
smiporaries, the first of the moderns, Ibn-al-Haitham and Al-Biruni. 
-al-Haitham (Al-Hazen, 965-1039 AD) was one of the greatest physicists 
me. He made experimental contributions of the highest order in optics. He 
ted that a ray of light, in passing through a medium, takes the path which 
and quicker.” In this, he was anticipating Fermat’s Principle of Least 
by many centuries. He enunciated the law of inertia — later, and 
ndently — to become part of Galileo’s and Newton’s laws of motion. He 
e first man to conceive of the Aswan Dam though he was unable to build it 
e the technology of the time could not keep up with his ideas. (He had to 
madness in order to escape the wrath of the Fatimid Caliph, Al-Hakim of 
1 having proposed the idea of the dam and not actually building it.) 
-Biruni (973-1048 AD), Ibn Sina’s second illustrious contemporary, 
in today’s Afghanistan. He was an empirical scientist like Jbn-al- 
‘as modern, as unmedieval in outlook as Galileo, six centuries later. 
, it is commonly alleged that Islamic Science was a derived science; that 
scientists followed the (“un-Islamic”) Greek theoretical tradition blindly. 
is statement is false. Listen to this assessment of Aristotle by Al-Biruni: 
uble with most people is their extravagance in respect of Aristotle’s 
ns; they believe that there is no possibility of mistakes in his views, though 
w that he was only theorizing to the best of his capacity.” Or Al-Biruni 
aeval superstition: “People say that on the 6th [January] there is an hour . 
yhich all salt water of the earth gets sweet. Since all the qualities 
g in the water depend exclusively upon the nature of soil ... these 
are of a stable nature. Therefore this statement is entirely unfounded. 
and leisurely experimentation will show to anyone the futility of this 
. And finally, Al-Biruni on geology, with this insistence on 
ion: “But if you see the soil of India with your own eyes and meditate on 
if you consider the rounded stones found in the earth however deeply 
stones that are huge near the mountains and where the rivers have a 
ie stones that are of smaller size at a greater distance from the 
is. and where the streams flow more slowly; stones that appear 
in the shape of sand where the streams begin to stagnate near their 
nd near the sea — if you consider all this you can scarcely help thinking 
a Was once a sea, which by degrees has been filled up by the alluvium of 


aT 


riffault’s words: “The Greeks systematized, generalized and theorized, 
tient ways of detailed and prolonged observation and experimental 
re altogether alien to the Greek temperament. What we call science 
result of new methods of experiment, observation, and measurement, 
€ introduced into Europe by the Arabs. (Modern) science is the most 
$ contribution of the Islamic civilization.” 
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These thoughts are echoed by George Sarton, the great historian o: 
“The main, as well as the least obvious, achievement of the Middle Ag 
creation of the experimental spirit and this was primarily due to the 
down to the 12th century.” Clearly, it is not enough to call Modern Sci 
its insistence on experiment and observation, a Grecian legacy. If anythi 
truly a Greco-Judco-Christian-Islamic legacy. [...] 


Part If ; 
Reflections on Transcendence and Secularization: 


Science as Anti-religion . 

It is generally stated that science is anti-religion and that science ani 
battle against each other for the minds of men. Is this correct?® 
Now if there is one hallmark of true science, if there is one percept 
scientific knowledge heightens, it is the spirit of wonder; the deeper 
goes, the more profound one’s insight, the more is one’s sense: o 
increased. This sentiment was expressed in eloquent verse by Faiz Ahmat 

Moved by the mystery it evokes, 
many a time have I dissected the heart of the smallest partie 
But the eye of wonder, 

its wonder-sense is never assuaged! 

In this context, Einstein, the most famous scientist of our. cer 
written: “The most beautiful experience we can have is of the mysteri 
the fundamental emotion, which stands at the cradle of true science. 
does not know it and can no longer wonder, no longer marvel, is as good as 
and his eyes are dimmed. It was the experience of mystery — even if 
fear — that engendered religion. A knowledge of the existence of some 
cannot penetrate, our perceptions of the profoundest reason and the mo 
beauty, which only in their most primitive forms are accessible to our. mint 
is this knowledge and this emotion that constitute true religiosity; in thi 
‘and in this alone, I am a deeply religious man.” Einstein was bo 
Abrahamic faith; in his own view, he was deeply religious. ee 
Now this sense of wonder leads most scientists to a Superior Bein 
Alte, the Old One, as Einstein affectionately called the Deity — a Su 
Intelligence, the Lord of all Creation and Natural Law. But then nee diffe 
start, and let us discuss these. 
The Abrahamic religions claim to provide a meaning to the diystery 
and death. These religions speak of a Lord who not only created, 1) Natural: 
_ and the Universe in His Glory, His own Holiness and His Majesty; : 
created us, the human beings in His own image, endowing us not 0 
speech, but also with spiritual life and ‘spiritual longings. This is one as p 


* One must recognize at the outset that religion is one of the strongest urges of aus 
which can make men and women sacrifice their all, including their lives, for its sake. 
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lence. 2) The second aspect is of the Lord who answers prayers when 
to Him in distress. 3) The third is of the Lord who, in the eyes of the 
nd the Sufi, personifies eternal beauty and is to be adored for this. These 
ndent aspects of religion as a rule lead to a heightening of one’s obligation 
living beings. 4) The fourth is of the Lord who endows some humans — 
phets and His chosen saints — with divinely inspired knowledge through 


arding what may (in the present context) be called the “societal”, 
”* thinking, Abrahamic religions speak of: 1) the Lord who is also the 
jan of the Moral Law — the precept which states that “Like one does, one 
done by”; 2) the Lord who gives a meaning to the history of mankind — 
and fall of nations for disobedience to His commandments; 3) the Lord 
fies what should be human belief as well as ideal human conduct of 
4) and finally, the Lord who rewards one’s good deeds and punishes 
ng (like a Father), in this world or in a life hereafter. 
le’ many scientists in varying degrees do subscribe to the first three 
of ,{transcendentalism, not many subscribe to the “societal” aspects of 
sity.* Scientists have their own dilemmas in this respect. 


ike Einstein was Jewish because he subscribed to a cultural aspect of the Jewish 

her than any fundamentalist belief in the teachings regarding “ideal human 

‘the Old Testament. He, and those like him, the religious among the scientists, 

value on their belonging to a cultural (and a spiritual) tradition than on 

Jism. Freud expressed himself similarly, in his preface to the Hebrew 

ti of Totem and Taboo. Referring to the emotional position of an author who is 

yf the language of holy writ, estranged from the religion of his fathers, he says 

cae were put to him, “Since you have abandoned all these common 

eristics ... what is there left to you that is Jewish?” he would reply, “A very great 
Pp Sbably its very essence.” He said he “could not now express that essence 

rds which someday, no doubt, would become accessible to the scientific 


ification of “Ideal Belief and Conduct” unfortunately has almost always led to 
, €x-communication, fanaticism and repression, particularly of minorities. 
divisiveness i in the very concept of the chosen people, In its worst 


§, this divisiveness may sanction murder for religious disagreements, often 


ckery of a religion’s own tolerant teachings. In this respect, the late 

Sir Peter Medawar, Nobel Laureate in Biology and Medicine, in his book The 
cience (New York: Oxford University Press, 1986) had this to say: “Religious 
| spurious Spiritual dimension to tribal enmities. The only certain way to 
igious belief to be held by everyone is to liquidate non-believers. The price in 
ars that mankind generally has to pay for the comfort and spiritual 

at religion has brought to a few has been too great to justify our entrusting 
juntaricy to religious belief. By ‘moral accountancy’ I mean the judgment that 
h an action is right or wrong, or such a man good and such another evil.” 
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The Three Viewpoints of Science 

Let us start with Natural Law, which governs the Universe. Th 
scientists who would take issue with Einstein’s view, that there is a” 
beauty about the laws of nature and that the deepest (religious) feelings: 
spring from the sense of wonder evoked by this beauty. These scientist: 
instead like to deduce the laws of nature from a. self-consistenc} 
“naturalness” principle, which made the Universe come into 
spontaneously. This should be something like the doctrine of spon 
creation of life and its Darwinian evolution — only now carried to the real 
laws of nature and the whole Universe. If successful, this, in their viev 
lead to an irrelevance of a deity.” Man’s spiritual dimension, so-called; wo 
nothing but a particular manifestation of physiological processes occurrin 
the human brain (not fully understood at present), but their hope would. b 
molecular basis would one day be discovered for this.’® Contrasting witl 
the view of the anthropic scientist who believes that the Universe w: 
purposefully with such attributes and in such a manner that sentient bein: 
arise. These then are the three viewpoints — first the (religi 
transcendental) attitude of an Einstein, second the anthropic view (whi 
way supports the first), and third the viewpoint of the self-consistent scien 
whose scheme of things the concept of a Lord is simply irrelevant. 

Regarding what I have called the secularist sentiments in general, Ei 
has this to say: “I am satisfied with the mystery of the eternity of life an 
awareness, and a glimpse of the marvelous structure of the exis 
together with the devoted striving to comprehend a portion, be it ever 8 
the Reason that manifests itself in nature. (But) I cannot conceive of a 
rewards and punishes his creatures, or has a will of the kind that we ex erie 
ourselves. The existence and validity of human rights are not written 
stars.” Instead his belief was that “the ideals concerning the conduc! 
toward each other and the desirable structure of the community hav 
conceived and taught by enlightened individuals in the course of history. 


° | find that creationist creed especially insulting in that while we ascribe subtlety to 
ourselves in devising these self-consistency modalities, the only subtlety we are willin 
to ascribe to the Lord is that of the potter’s art — kneading clay and fashioning i it in 
man. 
’° Since the twentieth century has been called “The Century of Science”, I wish I coul 
somehow convey the depth of the miracle of Modern Science, both basic and app 
The 20th century has been a century of great synthesis in science — the synthese 
represented by quantum theory, relativity and unification theories in physics, by the B 
- Bang idea in cosmology, by the genetic code in biology and by ideas of plate tectoni 
geology, likewise in technology, the conquest of space and the harnessing of at 
power. Just as in the 16th century when the European man discovered new continent 
occupied them, the frontiers of science are being conquered one after another. J hav 
always felt passionately that our men and women in Arab-Islamic lands should al; 
the vanguard of making these conquests today as they were before the year 150 
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ubjective character of the opinion, note Einstein’s silence about the 
imension of Religion. [...] 


and Science 

s the Science of today really on a collision course with metaphysical 

g?.The problem if any, is not peculiar to the faith of Islam, the problem is 

nce and Faith in general, at least so far as the Abrahamic religions are 

d: Can Science and Faith at the least, live together in “complementary 
Let us consider some relevant examples of modern scientific 


first example concerns the “metaphysical” doctrine of creation from 
Today, a growing number of cosmologists believe that the most likely 
density of matter and energy in the Universe is such that the mass of 
e adds up to zero, precisely. The mass of the Universe is defined as 
of the masses of matter — the electrons, the protons and neutrinos, which 
ite. the Universe as we believe we know it — plus their mutual gravitational 
(converted into mass. The gravitational energy of an attractive force is 
sign). If the mass of the Universe is indeed zero — and this is an 
ally determinable quantity — then the Universe shares with the vacuum 
roperty of masslessness. A bold extrapolation made around 1980 then 
Universe as a quantum fluctuation of the vacuum ~ of the state of 


active idea, but at the present time, measurements do not appear to 
This has led to an ongoing search for a new type of matter — the so- 
ark: matter” — which is not luminous to us, but would show itself to us 
ough its gravity. 

all soon know empirically whether such matter exists or not. If it does 
shall’ discard the whole notion of the Universe arising as a quantum 
tion, This may be a pity, but this points to a crucial difference between 
d Metaphysics — experimental verification is the final arbiter of even 
eductive ideas in Physics. 


ropic Universe 

d example is the Principle of the anthropic Universe — the assertion 
osmologists that one way to understand the processes of cosmology, 
idchemistry and biology is to assume that our Universe was conceived 
ial condition and with the physical laws, which possess all the 
ingredients for the emergence of life and intelligent beings. “Basically 
tiality relies on a complex relationship between the expansion and the 
1¢ Universe after the Big Bang, on the behavior of the free energy of 
the intervention of chance at various (biological) levels,” as well 
mber of “coincidences” which, for example, have permitted the 
urvive the necessary few billion years. 
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Stephen Hawking, the successor of Newton in the Lucasian C 
Cambridge, in his recent book, A Brief History of Time: From the Big B 
Black Holes (New York: Bantam Press, 1988), has stated the anthropic pr 
ql most succinctly: 
There are two versions of the anthropic principle, the weak and the strong 
: weak anthropic principle states that in a universe that is large or infinite’ i 
and/or time, the conditions necessary for the development of intelligent life: 
met only in certain regions that are limited in space and time. The intelligent 
in these regions should therefore not be surprised if they observe that their loi 
the universe satisfies the conditions that are necessary for their existence. It 
like a rich person living in a wealthy neighborhood not seeing any poverty... 
One example of the use of the weak anthropic principle is to ‘explain’. \ 
Big Bang occurred about ten thousand million years ago — it takes about that long 
intelligent beings to evolve. An early generation of stars first had to for. 
stars converted some of the original hydrogen and helium into elements like 
and oxygen, out of which we are made. The stars then exploded as supern 
their debris went to form other stars and planets, among them those ofo 
system, which is about five thousand million years old. The first one or two tho 
million years of the earth’s existence were too hot for the development of any 
complicated. The remaining three thousand million years or so have been tak 
by the slow process of biological evolution, which has led from the Simp. 
organisms to beings who are capable of measuring time back to the big bang.. 
Few people would quarrel with the validity or utility of the weak antl 
principle. Some, however, go much further and propose a strong version 
principle. According to this theory, there are either many different universes O41 
different regions of a single universe, each with its own initial configurati 
perhaps, with its own set of laws of science. In most of these universes the condi 
would not be right for the development of complicated organisms; only in 
universes that are like ours would intelligent beings develop and ask the qu 
“Why is the universe the way we see it?’ The answer is then simple: if it 
different, we would not be here! aes 
The laws of science, as we know them at present, contain many fun i 
numbers, like the size of the electric charge of the electron and the ratio. o 
masses of the proton and the electron. We cannot, at the moment at least, pre 
values of these numbers from theory — we have to find them by observation. Ie 
be that one day we shall discover a complete unified theory that predicts 
but it is also possible that some or all-of them vary from universe to universe 
within a single universe. The remarkable fact is that the values of these ni 
seem to have been very finely adjusted to make possible the development of lifé. | 
example, if the electric charge of the electrons had been only slightly different, 
either would have been unable to burn hydrogen and helium, or else they woul 
not exploded. Of course, there might be other forms of intelligent life, not dr 
of even by writers of science fiction, that do not require the light of a star like the : 
or the heavier chemical elements that-are made in stars and are flung back in 
when the stars explode. Nevertheless, it seems clear that there are relatively. f 
ranges of values for the numbers that would allow the development of any form 
intelligent life. Most sets of values would give rise to universes that, although th 
might be very beautiful, would contain no one able to wonder at that beauty. One c 
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ke this either as evidence of a divine purpose in Creation and the choice of the laws 
science or as support for the strong anthropic principle. 


Another example of anthropic principle at work is provided by the recently- 
overed “eleciroweak” force. It is interesting to ask why Nature has decided to 
fy the electromagnetic and weak nuclear forces into one electroweak force. 
electroweak together with the strong nuclear and the gravitational forces 
stitute the three fundamental forces that we know about in Nature.) One 
t answer to this question seems to be that this unification provides one way 
derstand why in the biological regime one finds amino acids which are only 
anded, and sugars which are only right-handed. (Left and right-handedness 
to the polarization of light after its scattering from the relevant molecules.) 
he laboratory, both types of molecules, left-handed as well as right-handed, 
roduced in equal numbers. Apparently, over biological time, one type of 
d molecule decayed into the other type. 

ccording to some scientists, the handedness of naturally occurring 
cules is predicated by the fact that electromagnetism (the force of chemistry) 
ed with the weak nuclear force — a force which is well-known to be 
ed (e.g., the weak neutral force exists only between left-handed neutrons and 
anded electrons). This fact, plus the long biological times available for life 
erge, apparently was responsible for the observed handedness of biological 


ut where does anthropic principle come into this? One indication of this 
ld be as follows: As stated earlier, penicillin molecules produced in the 
atory are both right and left-handed. The right-handed ones among them 
sfully interfere and destroy the coating of the naturally occurring right- 
ed molecules on the bacterial skins, which they attack. The penicillin 
le would thus be impossible except for the unification of electromagnetism 
weak forces. 


elf-Consistency Principle 
‘inally, there is the third category of scientists, who use “self-consistency” 
‘naturalness” to motivate the architecture of the Universe. To illustrate self- 
stency as applied to Physics, I shall take a recent example. 
\s an extension of the recent excitement in Physics — that is of our success 
e electroweak force, our success in unifying and establishing the identity 
o of the fundamental forces of Nature, the electric force and the weak 
forces — some of us are now seriously considering the possibility that 
e-time may have ten dimensions. Within this context we hope to unify the 
weak force with the remaining two basic forces, the force of gravity and 
Strong nuclear force. This is being done nowadays (1988) as part of 
ersymmetric string theories” in ten dimensions. The attempt, if successful, 
present us with a unified “Theory of Everything — T.O.E.” 
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Of the ten dimensions, four are the familiar dimensions of space an 
The other six dimensions are supposed to correspond to a hidden in 
manifold — hidden because these six dimensions are assumed to have cur! 
upon themselves to fantastically tiny dimensions of the order of 10°? cm. Wi 


in a 6-dimensional manifold in the 10-dimensional space-time: our majo 
of sensory apprehension of these extra dimensions is the existence of fa 
charges, electric and nuclear, which in their turn produce the familiar electri 
nuclear forces. - 
An exciting idea which may or may not work out quantitatively. Bu 
question already arises: why the difference between the four familiar spa 
dimensions and the six internal ones? 
So far our major “success” has been in the understanding of why th 
ten dimensions in the first place (and not a wholesome number of dim 
like thirteen or nineteen). This apparently has to do with the “qui 
anomalies” which plague the theory (and produce unwanted infinities) in ar 
ten dimensions. The next question, which wili arise is this: were all: th 
dimensions on par with each other at the beginning of time? Why have 
curled in upon themselves, while the other four have not? 
The unification implied by the existence of these extra dimensions cu 
upon themselves is one of the mysteries of our subject. At present, we woul 
to make this plausible by postulating a “self-consistency and natur 
ptinciple. (This has not yet been accomplished.) But even if we are suc 
there will be a price to pay. There wili arise subtle physical consequences 
self-consistency, for example, possible remnants, just like the three 
radiation, which we believe was a remnant of the recombination era follo 
the Big Bang. We shall search for such remnants. If we do not nnd th 
shall abandon the idea. 
Creation from nothing, extra and hidden dimensions — strange ‘Spice fo 
twentieth century Physics - which appear no different from the metaphi 
preoccupations of earlier times; however they are all driven by a self-cons 
principle. So far as Physics is concerned, mark the insistence on emi 
verification at each stage. 


Part HI 
The Essence of Belief 


For the agnostic, self-consistency (if successful) may connote irrelevanic 
a deity; for the belicver, it provides no more than an unraveling of a small p: 
the Lord’s design — its profundity -- in the areas it illuminates, it only enh 
his reverence for the beauty of the design itself. 

But belief has to come first. No one can ordain it: no one can sia tl 
existence, According to the mystic, “It is a part of the Grace from Allah”.B 
may come from one’s early life — as it did in my case from my father’s teachit 
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‘om his precept — or it may come later, through some experience one may 
gO. 

‘But where does one’s science come into this? 

einz Pagels recounts the following story about Feynman, one of the great 

cists of our time — perhaps the greatest — who died earlier this year. “He was 

ensory-deprivation tank and had an exosomatic experience — he felt that he 

‘out of this body’ and saw the body lying before him. To test the reality of 

“perience, he tried moving his arm, and indeed he saw his arm on his body 

As he described this, he said he then became concerned that he might 

‘out of his body and decided to return to it. After he concluded his story, I 

m what he made of his unusual experience. Feynman replied with the 

Evational precision of a true scientist: “I didn’t see no laws of Physics getting 

have myself never seen any dichotomy between my faith and my science — 

aith was predicated for me by the timeless spiritual message of Islam, on 

nm which Physics is silent and will remain so. It was given meaning by 

ery first verse of the Holy Qur’an after the Opening: 

“This is the Book 

Wherein there is no doubt 

A guidance to the God-fearing 

‘Who believe in the Unseen.” (Al-Qur’an, 2:2-3) 


he Unseen” — “Beyond the reach of human ken” -- “The Unknowable” 

ere are other good reasons why I am a believer. Maybe Einstein was 
us to such a need, but personally I do have faith in the efficacy of prayer 
ies of distress. I could elaborate on this intensely personal thought but I shall 
to do this. ] am also a believer in what Islam teaches me about doing 
‘for mankind. I believe in the Moral Lord; that there is a metaphorical 
on the one side are placed one’s good deeds, on the other one’s 
gressions against humanity. One is rewarded — already here, on this earth ~ 
e outweighs the other. My greatest desire before I die is that Allah in 
nty may grant me the mystical vision so that I too can partake first-hand 
it was vouched to the Seers in the past. 


my last thought, I would like to quote again from the Holy Book - a 
very sounds of which, in the words of Marmaduke Pickthall, “move 
) tears and ecstasy”. More than anything else I know of, it speaks of the 
vonder of the spiritual dimension of life, which I believe is the true 
age of Abrahamic faiths and their true glory. i 


g to Maurice Bucaille in his essay on “The Bible, The Qur’an and Science,” 
ot a single verse in the Qur’an where natural phenomena are described and 
contradicts what we know for certain from our discoveries in the sciences. 
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Notes on Science and Higher Technology 
and Development for Iran and 
the Islamic Countries 


“In the conditions of modern life, the rule is absolute: the race w 
not value trained intelligence is doomed. ... Today we maintain’ 
tomorrow science will have moved over yet one more step and there wi 
appeal from the judgment which will be pronounced ... on the uneducat 

— Alfred North, Wh 


This globe of ours is inhabited by two distinct types of humans. Ace of 
the UNDP count of 1983, one quarter of mankind, some 1.1 billion pe 
developed. They inhabit 2/5th of land area of the earth and control 80 
world’s natural resources, while 3.6 billion developing humans 
“mustazeffin”, the deprived ones — live on the remaining 3/5th of the glol 
distinguishes one type of human from the other is the ambition, the pow 
élan, which basically stems from their differing mastery and utiliz 
present-day Science and Technology. It is a political decision on the part 0 
(including those in Iran) who decide on the destiny of developing hu 
they will take steps to let the mustazeffin also master and utilize modern S 
and Technology. [...] 


Science and Technology, a Shared Heritage of Mankind 

I may here make a few short remarks about the creation of sciences in 
shall only be able to speak of the Iranian high luminaries in this brief surve 

The undisputable supremacy of Islamic Science (according to S 
extends over 350 years. Of these, 250 years are typified by five men from | 
the physician-philosopher Razi, the geographer Masudi, the mathematician A 
Wata, the astronomer-physicist-geologist Al-Biruni, his contemporary, Ibn ‘ 
and the poet-mathematician Omar Khayyam. 

This is perhaps not an accident. The House of Ali has, throughout 
centuries, been known for its love of learning and scholarship, which has its'] 
in the Holy Book and in [Hazrat Ali’s] Nahj-ul-Balaghah. Imam Ja’far Sac 
admonitions to the faithful to engage in scientific pursuits are well known. Jo 
with this were the older traditions of this land — in particular the Ch 
traditions of Gundeshapur and of the Sabians in the early days of science 


Talk given in Tehran, Iran, November 16, 1988. 


Na 
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This tolerant attitude is clearly shown by the treatment accorded to those 
abian families, and inheriting their traditions, men like Abdu-Abdalla Al- 
d Thabit ibn Qurra. (AJ-Battani’s notable achievement was that “he 
ip |the old Greek system of chords of angles and adopted the far more 
ent trigonometrical proportions known as the sine. With Hipparchus and 
y the Greeks had come close to trigonometry but they had never finally 
-om the ratios that Al-Battani adopted, and which, because of their 
vy and conveniences, were to revolutionize the mathematics of triangles 
0 much in astronomy and surveying, divesting it of some of its previous 
lty.”) This notational change was the beginning of Trigonometry as we 
t. [bn Qurra was a physicist who, following Archimedes, wrote on statics 


ter Abdu-Abdalla Al-Battani and Thabit ibn Qurra, Iranian tradition within 
sience was best represented by Al-Balkhi Abu Ma’shar (known later to 
est] as Albumasar), Abu Ma’shar was born at Balkh, an ancient city in the 
rm regions of Iran in 787 AD, dying in Iraq almost ninety years later. 
was an outpost of Hellenistic civilization, which had become a multiracial 
Chinese, Indians, Graeco-Scythians and Syrians intermingled with the 
pulation, and later communities of Buddhists, Hindus, Jews, 
hhasans, Nestorians and Zoroastrians co-existed. Abu Ma’shar was a third- 
member of this intellectual elite, and throughout his life had a sense of 
tellectual superiority.” 
Abu Ma’shar came Abul Wafa Al-Buzjani, born in the City of Buzjan 
. Abul Wafa was the great popularizer of tenth-century mathematics. 
» first ever manual on practical arithmetic, A Book on What is Necessary 
he|Science of Arithmetic for Scribes and Businessmen, and a similar one on 
_A Book on What is Necessary from Geometric Construction for the 
L Science in the Service of Man. Abul Wafa’s popularizations were so 
ly. serviceable that they were widely circulated in Europe during the 
Ice. 
iti 970 and 1000 AD flourished Abu Sah! A!-Quhi; he carried out 
ons of summer and winter solstices in Shiraz. He was followed by the 
bul Husayn Al-Sufi, who was renowned for his observations and 
ons of the stars and: whose book found its way to the West where the 
name was translated as Azophi. 
afi was followed by a great scientist - whom I always think of as the 
1¢ Moderns in Islam — Abu Rayhan Al-Biruni, who was a native of 
“Born in 973 AD he took to science very early and at seventeen had 
ring-dial with half-degree divisions with which he observed meridian 
of the Sun. He stayed at Rayy, cooperating with Al-Buzanji — thirty 
senior.” Later he was taken to Ghazni in Afghanistan to adorn the court 
Mahmud. “A staunch Muslim, he is said to have invented an instrument 
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for determining times of prayer, but since it used Byzantine months, a re 
legalist abused him as an infidel. “The Byzantines also eat food,’ Al- 
supposed to have replied, ‘then do not imitate them in this!’” ; 

After Al-Biruni, one may mention Ghiyath Al-Khayyami, better k 


the Western world as the poet Omar Khayyam, born in 1048 AD in Iran 
of his abilities spread, for in 1070, when he was still only 22 years of a 
invited by the Seljuk sultan and his grand vizier, to Isfahan to take char 
observatory there. Al-Khayyami had a plan for calendar reform which ac 
a system that would have been in error by no more than one day in 5000 ye. 

And this brings us to Al-Tusi, and then finally to the towering figu 
“sreat” ruler Ulugh Beg (1394-1449) and his justly famous observatory. 
was a three-storey building with a giant sextant, the largest astr 
instrument of its type in the world, having a radius of no less than forty 
(132 feet). ... This meant that a precision of something between two to: 
seconds could be obtained, a remarkable achievement for the fifteenth 
when one realizes that four arc seconds are equivalent to the width of a 
wooden pencil 1.4 km away. ... The director of Ulugh Beg’s observat 
Ghiyath Al-Din Al-Kashi. Born in Kashan, Iran, Al-Kashi seems to ha 
for a time in penury, trying to muster up patronage for his astronomi 
mathematical work, rather than take up ... the study of medicine and practic 
physician. ... Al-Kashi was indeed remarkable, he calculated the value 0 
decimal places, and other mathematical ratios with equivalent accuracy.” 


In this recital of Iranian scientists in the Islamic tradition, one must n 
the great genius Al-Razi who was a medical colossus. “Known to the m 
West as Rhazes, Al-Razi was born at Rayy in Iran around 854 AD, 
personal information about him has survived, but he was for some time d 
of the hospital in Rayy. He took a critical and non-authoritarian atti€ 
science. Believing it to be a subject characterized by continual progress - 
he strongly defended against the Aristotelians of his day to whom the sun 
science had already been reached in the work of Aristotle — Al-Razi wa: 
prepared to criticize ancient authorities, whoever they were, and even Ww 
book with the title Doubts Concerning Galen. 

“Al-Razi was a most successful physician and had considerable repu 
a medical author, for he wrote many comprehensive manuals, as Ww 
specialist works on smallpox and measles. However, his non-medical vie 
radical rationalism and his anti-religious attacks made him unpopular, a sit 
summed up later by Ibn Sina when he said that Al-Razi should have co 
himself to boils, urine and excrement and have refrained from dabblin 
matters beyond the range of his capacity!” 


2 Quotations in this Section are from The Cambridge Hlustrated History of the Wo 
Science, Colin A. Ronan, 1983. 
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’ Sina himself has “sometimes been called the ‘Galen of Islam’ because of 
cyclopaedic Canon of medicine, which met with great praise and was 
t to be impossible of improvement. Its circulation did much to keep 
and European medieval medicine in a static condition, but it would be 
to blame Ibn Sina for this.” Ibn Sina, a contemporary of AJ-Biruni was, in 
Opinion, the last of the mediaevalists. He seems to have been as much a 
ypher as a medical practitioner; in fact it would probably not be an 
ration to say that, technically, “he was a better philosopher than Al-Razi, 
AJj-Razi was the better physician. Most of Ibn Sina’s philosophy was 
iced by the Holy Qu’ran and by Aristotle, though it would be wrong to 
he did not allow science to help form his opinions.” 


eciting this work, I have been at pains to emphasize the spirit of 
; which was exhibited towards the scientists.'? “Despite their missionary 
their often fiercely puritanical teachings, the Islamic conquerors were 
to accept an unrivalled degree of tolerance of the native cultures and 
; traditions other than their own. The courts that they established 
ently saw a remarkable fusion of the indigenous arts and knowledge. In 
ay they inherited the science of the Greeks from many Hellenistic cities, as 
he culture of Sassanid Persia.” 
hall come back to this topic of tolerance later. 


Widening Gap in Science and Technology 

all now return to the theme of Science and Technology for development. 
e are only slowly waking up to the realization that in the final analysis, 
“and utilization of modern Science and Technology is basically what 


shes the South (and the lands of Islam) from the North. The first remark 


extols the value of revelation above all else: it is the supreme authority in its 
‘That is not to say that reason is discredited, far from it, the use of the human 
ized as one of God’s gifts.” ... The Mu’ tazilites, who emerged after 700 AD 
ere aware of this; indeed, they set such store by reason that they went so far as 
at. “reason could fathom even the deepest profundities of religious belief’ — a 
‘hot made by modern scientists. On the other hand, “the Asharites, whose views 
red a couple of centuries later, condemned the over-zealous use of reason and 
tion’ of religious dogma, and for nearly two centuries the rival schools 
with each other until during the twelfth century the Asharite arguments carried 
here then developed the attitude of passive acceptance — the negation of Ijtihad. 

le was inevitably inimical to independent scientific thinking” which 
‘an atmosphere of continual questioning of the foundations of science and an 
Olerance towards those who raise such questions. As it was, within Islam, the 
tellectual tradition won the day. In this respect, the Shia attitudes with their 
Ijtihad may have been nearer to the scientific temper though it is hard to 
is thesis why science was not created in Iran after the 16th century. 
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one may make is that on science and technology depend the standards of | 
a nation. The widening gap in economies and influence between the na 
the South, the Islamic world, and the North is essentially the Scie 
Technology gap. Nothing else, in my humble opinion — neither differing 
values, nor differing perceptions of religious thought, nor differing sys 
governance — can explain why today the North can master this globe of ¢ fe) 
beyond. 4 
Why does this gap exist and why is it growing? Why is the size of 
and Technology sub-critical and their utilization in the South and particu 
the Islamic countries so meager? (This, unfortunately, also includes Tra 
to reflect on the problems with you. : 


My second remark concerns the widespread feeling that the ac 
Science and Science-based High Technology is hard. I would lik 
emphatically that this is not the case. In eloquent phrases, C.P. Sno 
famous lecture on “The Two Cultures”, made the point that Scien 
Technology are the branches of human experience “that people can le: 
predictable results. For a long time, the West misjudged this very badly. 
a good many Englishmen had been skilled in mechanical crafts for half- 
generations. Somehow, we, in the North, have made ourselves believ 
whole of technology was a more or less incommunicable art.” 

In Snow’s words: “...There is no evidence that any country or race i 
than any other in scientific teachability: there is a good deal of evidence 
are much alike. Tradition and technical background seem to. co 
surprisingly little. There is no getting away from it. It is ... possible to ¢ 
scientific revolution in India, Africa, South-East Asia, Latin America, the 
East, within fifty years. There is no excuse for Western man not to know thi 


The Four Areas of Science and Technology 

I shall be concerned primarily with the research and developme 
aspects of Science and Technology within our societies in the South 
particular in the Islamic countries, and their utilization for develo 
purposes of society. 


4 The role of superior technology in the rise and fall of nations is a relatively negle e 
subject. Thus, for example, when we think of the British conquest of India, the pi 
played by the superior fire-power of Clive’s British-made arms is forgotten. It is 
forgotten that the British “trained” themselves to manufacture such arms. Nor is t 
played by the navigational skills (developed.at the secret Centre in Sagres in Portug’ 
through the personal interest of Prince Henry the Navigator) which permitted Europ 
ships to sail straight into the oceans, rather than hug the coast lines, ever taken into: 
account. Why men like Prince Henry the Navigator arise from time to time among s 
peoples is, of course, one of Nature’s mysteries. 
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lian’? Science and Technology may perhaps be divided — like in the 

‘into four categories: a) Basic Sciences; b) Sciences in Application; c) 
ional “Low” Technology; and d) Science-based “High” Technology. 

t us consider each of these areas in turn. 


asic (curiosity-oriented'®) Sciences. There are five sub-disciplines among 
Physics (including Geophysics and Astrophysics); 2) Chemistry; 3) 
atics; 4) Biology; and 5) Basic Medical Sciences. 

rch and training for Basic Sciences is conducted in the Universities or 
Research Centers specifically created for this purpose in the North. As a 
hese are funded by National Science Foundations or by Academies of 
which are also responsible for international contacts of scientists.) 

) far as developing countries are concerned, by and large we have tended to 
this area of science, assuming, for some reason, that we could live off the 
-Tesults obtained by others. This has been an unmitigated disaster in that 
also: deprived us of men and women who would know about the basics of 
ciplines, who could act as references to whom one could turn, to discuss 
itable scientific problems, which arise when applications of science are 


iences in Application, Once again, one may list five areas of Sciences in 
tion, These are: 1) Agriculture; 2) Medicine and Health; 3) Energy 
ng Nuclear, Fusion, Solar as well as Non-conventional); 4) Environment 
ition; 5) Earth Sciences (including Meteorology, Minerals, their 
on, as well as Seismology). 

‘ule, Research and Development in Applied Sciences are carried out in 
| under the auspices of Research Councils or by private industry. This 


‘the relationship of Defense and Science, the experience of the Sudanese at 
of Omdurman (1898) is relevant. “Religious fervor alone is no match for hi- 
nry. Religious fundamentalism is powerless if it is unable to arm itself with 
ments and weapons that only modern science and technology can provide.” — 
Herald on the Gulf War (September 1988). 

iosity-orientation of Basic Sciences has been beautifully expressed by David 
“great Goettigen mathematician (who lived in the early part of the 20th 
ccording to Dr. Wolfgang Wild, the Minister of Science of the State of 
lilbert bad the followimg inscribed for his tombstone: ‘WE MUST KNOW. WE 
NOW.” The present has been called the greatest century of Basic Science 
e have been absolutely fundamental advances made (like “quantum theory, 
iiti-particles, curved space-time”) in this century with Standard Models 
in. Particle Physics, in Astrophysics (Big Bang Model), in Earth Sciences 
nics) and in Biology (Double Helix Model) during its second half. The task 
rations of researchers from the Third World to improve on these will, I am 
that much harder. 
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includes Research, Development and Application of Scientific Methoc 
developmental problems: this research effort being supplemented with: 
extension services. 

What is emphasized more in any given country depends on 
priorities. 

An essential part of the research process is the free availability 0 ) 
literature. 

It is important to realize that the distinction between Basic an 
Sciences is not absolute. There inevitably are gradations. 


c) Conventional Technology. The five sab-areas of this are 
Chemicals; 2) Iron and Steel and Fabrication with Other Metals; 3). 
Fabrication in Automotive Industries; 4) Petroleum Technologies: 2s 


Generation. 


Here no new scientific principles are to be discovered 
developmental work may be important. This is the traditional 
craftsmanship and skills — the science employed is of yesteryear. B 
design, the quality of workmanship and cost are all-important. These ¢ 
areas of so-called “low” technology where developing countries, inclu 
iands of Islam, are not deficient. 

This is also the classical area of “negotiated Technology Transfer’ 
area on which centrally-planned economies of the Second World as 
developing countries have placed their strongest emphasis. Any country 
wishes to industrialize will have first to develop one or more of the en: 
technologies listed above (as the USSR, Japan and South Korea initiall 
do). 


d) Science-based: “High” Technology. Finally, there are five 
Science-based “High” Technology which, in the conditions of tod. 
comprise: 1) New Materials Gncluding composite materials.’ 
Temperature Superconductors); 2) Communication Sciences which’ 
two types of sub-disciplines: 2a) Microelectronics (including Develo 
Software, Microprocessors, Computer-aided Design and eventually, Fal 
of Microchips); and 2b) Photonic (Appendix I) (including Laser: 
Optics); 3) Space Sciences; 4)Pharmaceuticals and Fine Chemicals; anc 
for the 21st century, 5) Biotechnology” and gene-splicing, so full of promi 
true revolution in the methods of Agriculture, Energy and Medicine. 


'7 “Biotechnology thrives on a new knowledge generated by molecular biology 
and microbiology, but these disciplines are weak, often nonexistent, 
underdeveloped world. Biotechnology springs from universities and other. 
institutions — centers that generate the basic knowledge needed to solvé. 
problems posed by society. But the universities of the underdeveloped world. 
research centers. ... And the few creative research groups operate in a social v 
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gh” Technology differs from Classical “Low” Technology in that high 
ise in the relevant Basic Sciences (like Physics or Chemistry, or Biology, 
thematics) is crucial. The materials used are minimal in their bulk and size. 
few of the developing countries - with the exception of the “Confucian 
(like China, South Korea or Singapore) — or Brazil are conscious of the 
for or have made progress in “High” Technology even for defense, the 
al feeling wrongly being that this whole area is beyond us," 


/} y Has Science and Technology Lagged Behind in the 

outh and in the Islamic Countries? 

te are three reasons why Science and Technology in the World of Islam 
the Third World countries has suffered. 


i} Lack of meaningful commitment towards science, either basic or 
. By and large, there has been scant realization that science can be applied 
lopment as, for example, there was in Japan at the time of the Meiji 
ration around 1870 when the Emperor took five oaths. One of the oaths set 
ational policy towards science — “Knowledge will be sought and acquired 
ny source with all means at our disposal, for the greatness and security of 
. The consequences of this lack of commitment have been little 
iditures on science, whether Basic or Applied, weak universities, few 


sults might be useful abroad, but are not locally. ... Biotechnology needs dynamic 
ons among the relevant industries. These interactions, however, are weak in 
2s. in which science is perceived as an ornament, not as a necessity. ... 
chnology requires many highly skilled professionals, but ... underdeveloped nations 
sufficient people well-trained in the pertinent disciplines. ... Economic scarcity and 
cal’ discrimination induce professionals and graduate students to emigrate or 
science altogether.” (Guest editorial from the journal Biotechnology, September 


ig the past year or so the bio-revolution has begun to spin off significant new 
ments in areas of agriculture that are far apart. These include the following: 1) A 
licing breakthrough that could shortly revolutionize the economics of dairy 
with the first bovine somatotropin (BST), a genetic growth hormone that offers 
3§ in milk yields of 15 to 20 percent without raising feed costs; 2) Calves can now 
sted’ from cows at a greatly increased rhythm thanks to embryo duplication 
es that enable a single cow to produce twin calves five times a year; 3) Industrial 
ulture techniques may soon eliminate the need to grow whole plants. ... 
logy specialists, notably the UK company Plant Science, are already producing 
; Opium, ginseng and pyrethrum by culturing root cells in a fermentation vessel. 
lemical companies like Monsanto and Sandoz have bet ... on their strategies of 
i emphasis away from industrial chemicals into biotechnology. Their sights are 
et on an industry that is forecast to grow from its present turnover of around $25 
year to an annual $100 billion by the year 2000.” — Giles Merritt (November 
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research centers for Applied Sciences, sub-critical and isolated comm 
sciéntists (with scant provision for infrastructure and for scientific liter: 
weakness in scientific and technological education. 

ii) No commitment to self-reliance in technology. In technology 
large, few of our Governments have made it a national goal to striv 
reliance. The situation may be better for “Low” Technologies but is pit 
High Technology is concerned for we have paid little heed to the scie 
of high technology, ie., to the truism that science transfer mu 
accompany (high) technology transfer, if such transfer is to take place. 


b) Lack of institutional and legal framework. In respect of a gov 
commitment to the political action needed, South Korea’s institutional 
enactments may be important to emulate. Dr. Hyung Sup Choi, forme 
of Science and Technology of South Korea, has explained that his 
Science and Technology spearheaded, on the institutional side, the creati 
Korea Institute of Science and Technology (KIST), the Korea Advance 
of Science (KAIST), the Korea Technology Finance Corporation (K 
others; while, on the legal side, there was the enactment of several: 
laws for the development of science and technology. These includ 
Science and Technology Advancement Law of 1967 which defined 
commitment of his government to support science and technology and to 
policy leadership; the Law for the Promotion of Technology Devel 
1972, which provided fiscal and financial incentives to private ind 
technology development; and the Engineering Services Promotion La 
to promote local engineering firms by assuring markets on one. an 
performance standards on the other. It is this type of care and concern | 
utilization of Applied Sciences and Technology, which is needec 
developing countries and in the lands of Islam. Without this no‘ am 
expenditures on Science and Technology is likely to be meanin 
developmental purposes. 


c) The manner in which the enterprise of science has been ru 
depends for its advances on towering individuals. An active enterprise 0 
must be run by working scientists themselves and not by bureaucrats or by 
scientists who may have been active once, but have since ossified. (it 
realized in this context that young men and women are attracted to‘a’ cat 
sciences, mostly on account of their innate curiosity and their desire to 
the basic Laws of Nature. This must not be stifled and discouraged in the la 
Islam if we want to keep producing good scientists to work on applied 
and on Science-based High Technology.) 


Population 
(x 1000) 


1,125,033 


3,651,353 
$17,588 
100,901 
992,628 

1,513,771 


merica 
Caribbean 394,718 


Population 
55.17 (1985) 


| Republic 
many 61.02 (1985) 


120.75 (1985) 
lands 14.48 (1985) 
56.49 (1984) 
1,293.30(1985) 


GNP 


(million US$) Capita(US$) 


11,019,363 


2,697,982 
356,774 
314,518 
266,330 
726,496 


752,688 


GNP 


9,795 


739 
651 
3,117 
268 


480 


1,907 
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Table I. Defense, education and health expenditures 
in US dollars (1984) (as % of GNP) 


Defense Edn. 


(%) (%) 
5.6 S.A 
5.6 3.7 
4.4 3.8 
18.7 6.2 
3.5 2.8 
5.9 3.2 
1.6 3.7 


Table II. Industrialized countries’ expenditure 


on science and technology 


GNP per 
capita 
(US$) 

1984 


9,540 


10,940 
11,300 
9,290 
8,460 
16,690 


Public 
expenditures 
in education 
(% of GNP) 


5.8 (1983) 


4.6 (1984) 
5.6 (1984) 
6.9 (1984) 
5.2 (1984) 


Scientists/ 
engineers 
inR&D 
(per million 
inhabitants) 


1,363 (1980) 


2,178 (1984) 
4,436 (1984) 
2,170 (1984) 
1,545 (1980) 
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Health, 
(%) 


48 


1.4 
1.1 
2.6 
0.8 
0.9 


1.3 


Expenditure 
on R&D* 
(% of 
GNP) 


2,25 €1980) 


2.54 (1984) 
2.65 (1984) 
1.97 (1984) 

2.3 (1984) 
2.69 (1984) 


(on UNESCO statistics (1987). (These figures may include: application, diffusion and 
ialization and venture capital for technology provided by some governments as well as 
edits to high technology companies.) 
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The Sub-Critical Size of Science and Technology in the South and 
Lands of Islam 

a) According to an empirical law discovered by the late Professor J 

of Yale University, with few exceptions, a country’s output of scientific 
is directly proportional to its spending on Science and is correlated with 
Thus, one of the more revealing indices of the size of Third World Scie 
funding, which the South provides for Research and Development. To™ 
this, one has to look at Tables I, Il and III which give the Defense, Edi 
Health and Science Expenditures as percentages of GNP, both in the So 
the lands of Islam, in contrast to the spending in the North. 


The point about the Tables is the following: Both the industri 
the developing countries spend on the average 5.6 % of their respective 
defense. The educational expenditures are also similar - 5,1% 
industrialized versus 3.7% for the developing countries. For health it is 
the industrialized versus 1.4% for the developing countries — admi 
difference, but not as striking as for Science and Technology. The figur 
latter differ from each other in general by nearly an order of magnitud 


b) A second index of the sub-critical size of Science and Technol 
number of those engaged actively in this activity in the Third V 
UNESCO figures once again paint a different picture for the South an 
In the North, an order of 2000 or more inhabitants per million are eng 
Research and Development, while those similarly engaged in the Sout 
exceed more than a few hundred. Once again, there is a factor of at leas 
two orders of magnitude between the respective numbers. The Chinese fi 
this context are revealing. According to Professor Lu Jiaxi, former Presid. 
the Chinese Academy of Sciences — speaking on Chinese Science at th 
General Conference of the Third Worid Academy of Sciences in Beiji 
September 1987 — the Chinese had fewer than 500 researchers in 1949 alt 
less than one per million of population. The situation in most dev 
countries today is similar to that in China in 1949. (There are now 
researchers in China and the country is approaching international norm: 
increase of a factor of 600 in forty years.) 

The socialist regimes by and large have taken to Science and 
Technology as a Religion, and with the same fervor. (They are Ale S wa 
to the possibilities in “High” Technology.) 


ee 
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Table Hi. Estimated expenditure for research and development 
in 1980 as percentage of GNP (Selected Countries) 


Asia Latin America Africa 
& Caribbean 

India 0,9 Brazil 0.6 Algeria 0.3 
Pakistan 0,2 Argentma 0,5 Nigeria 0.3 
Bangladesh 0.2 Pen 0.2 Egypt 0.2 
Sri Lanka 0.2 Chile 4 
Indonesia 0.3 Mexico 0.6 
Philippines 0,2 Cuba 0.7 
Singapore 0.5 Venezuela 0.4 
Republic of Korea 1.1 
Tran 0.5* 
Trag 0.1% 
From UNESCO Statistical Yearbook 1987 
*1975 figures. 


The Present Picture of Science in the Islamic Countries 

What is the picture of science and technology in the Islamic Commonwealth? 
ording to A.B. Zablan, who taught at the American University of Beirut, an 
is of these and similar figures reveals that at least as far as the science of 
cs is concerned, the Islamic community is around one-tenth in size and one- 
dredth in scientific creativity in research publication, compared to the 
ational norms. Pakistan, considered as one of the scientifically advanced of 
ic countries, had in 1983 nineteen universities, but only thirteen professors 
hysics, and a total of forty-two physics Ph.D. teachers and researchers in all 
liversities — this for a population of ninety million. To compare the 
sponding numbers at one college at one university in the United Kingdom — 
nperial College of Science and Technology — there are twelve professors 
ore than one hundred and twenty-five researchers. [...] 


teps Needed to Make Science and Technology Strong in 

eveloping Countries and in the Countries of Islam 

Why do we neglect science and technology based on science so far as 
opment is concerned? First and foremost, there is the question of national 
ion, Let me say it unambiguously. Countries of the size of Iran, or Egypt, or 
wn country, Pakistan, have no science communities geared to development 
> we do not want such communities. We suffer from a lack of ambition 
ds acquiring science, a feeling of inferiority towards it, bordering 
imes even on hostility. [...] 


a) Generous patronage and expenditures on science and technology. No 
ce and Technology is possible without a nation spending an inescapable 
of funds on it. In the industrialized countries, as a general rule, some 2- 
f GNP is made available — by the State as well as by private industry — for 
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Research and Development in the four broad areas mentioned earlier: 
absolute expenditure is concerned, the funds spent on Basic Sciences R: 
the North amount to some 4-10% of a nation’s educational budget - t: 
unit — while roughly the same amount is spent on Applied Science Reséa 
twice as much on Research and Development related to “High” Tec 
the developing countries adopt, as a desirable minimum, the lower fi 
(444=8%) of their educational expenditures to be spent on Science (b 
and Applied) including training for research as well as for international 
this should give us the colossal figure of 7.25 billion dollars from th 
own resources -- according to the estimates made by the Third Worl 
of Sciences (TWAS). For Science-based technology, one may consider a 
figure of 8% of the educational expenditure, bringing the desirabl 
total for Science and Technology to around 4.5 billion dollars for the 
whole. (No Science-based development will accrue, unless we make thes 
outlays. Once again it is to be emphasized that this is not a recommend: 
diminish the education budget but to find the additional spending on Scie 
Technology through general belt-tightening). 


b) The modalities of growth of sciences and technology, including: tre 
and international contacts. If one were charged with running Science 
developing country of modest size, one would allocate in the first pla 
funds roughly equal to 4% of a country’s education budget to build: 
Sciences in the universities, to maintain international contacts, an 
appropriate training of cadres of scientists and technicians so as to: ass 
critical size. At the same time, one would commission and blue+ 
comprehensive plan for Applied Sciences, allocating and spending (in the tk 
the fourth year) extra funds roughly equal to another 4% of the education 
for these. (What one spends on, depends on a nation’s priorities and could 
one or more of the following areas: agriculture, health, livestock, er 
materials and minerals, environment, soil sciences, oceans, communicatt 
am assuming that (tained manpower has by now been assembled.) : 

Finally, one would spend on training of personnel and on Reseat 
Development in the area of Science-based high technology, sums whic 
equivalent to 8% of the education budget, as the quickest way to produce 
making up the desirable minimal total of 16% of the education budget 
lapse of six years or so. (We are assuming, of course, that there: 
additionally be the crucially important Ministry of Conventional Technolo 
take care of “Low” as contrasted to “High” Technology and to give it its req 
inputs.) 


c) Reciprocal responsibility of scientists and technologists. A parallel 
of responsibility must also be instilled by and into the scientists 
technologists in developing countries. Scientists and technologists ar 
insignificant proportion of our populations. They constitute a particular so 
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lture and as such occupy a particular niche in every society. The relevance 
:miche is a function of its explicit articulation and integration with the 
nal development process. The top-ranking scientist and technologist must, in 
ular, feel that they are part of a team, which is engaged on an exciting 
ire. Such an articulation depends upon the conscious involvement of the 
tific and the technological community in the tasks of socioeconomic 
lopment, as well as upon the image of science and technology (and of 
tists and technologists) in the minds of the non-scientific population — in 
cular of decision-makers (politicians, entrepreneurs, managers). This two- 
interaction depends as much on the attitude of scientists and technologists 
rds development as upon the reciprocal attitude of the administrators 
rds the scientists. 


) Creation of a favorable science and technology climate. in the words of 
Hyung Sup Choi: “Science and Technology development gains momentum 
1'a suitable environment for its popularization is created. The creation and 
otion of such an environment is a prerequisite for science and technology 
elopment, particularly in a country where social and economic patterns and 
ms are bound by tradition. Korea has launched a movement for the 
larization of science and technology as an integral part of its long-range 
ce and technology development plan. The movement aims to motivate a 
ersal desire for scientific innovation in every one in all aspects of their lives. 
ias been led by the Ministry of Science and Technology, the Korea Science 
lotion Foundation, and the Saemaul Technical Service Corps in co-operation 
‘concerned government agencies, industry, academic circles, and the mass- 
nunication media. This movement is in no way conceived as the special 
vince of scientists and engineers, although this group can provide key support 
esources in view of its pertinent talent and knowledge.” 


Renaissance of Sciences in Islam 

) Can we turn the pages of history back and once again lead in sciences? | 
humbly like to submit that we can — provided society as a whole, and our 
h in particular — come to accept this as a cherished goal, in keeping with our 
ogical beliefs, and in keeping with our own experience of early centuries of 
m. We must, however, remember that there are no short cuts to this 
na sance. In the conditions of today a nation’s youth have to be fired and the 
n commit itself with a passionate commitment to this goal; it must impart 
cientific training to more than half of its manpower; it must pursue basic 
applied sciences, as well as self-reliant low and high technology. 

This was done in the Soviet Union sixty years ago when the Soviet Academy 
ciénces, created in the 18th century by Peter the Great, was asked to expand 
mbers. Now it boasts of a self-governing community of half a million 
fitists working in its institutes, with priorities and privileges accorded to them 
Soviet system that others envy. [...] 
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A similar emphasis on sciences is now being placed in a planned 
at a frantic speed by the People’s Republic of China, with a define 
catching up and surpassing the United Kingdom in space sciences, in ge 
microelectronics, in high energy physics, in fusion physics and in the c 
thermo-nuclear energy by the end of this century. The Chinese have ré 
that all basic science is relevant science; that the frontier of today is tor 
application and that they must remain at the frontier. In this context: 
recall that the GNP of the Islamic nations exceeds that of China, while th 
resources are not significantly smaller. And China has a lead of no mo 
few decades over us in sciences. Shall we collectively set ourselves: 
the least, of emulating the Chinese? 8 

The societies I have mentioned are not seduced by Remind st 
“Japanese” or “Chinese” or “Indian” science. They recognize that thou 
emphasis in the choice of disciplines on which to research may dif: 
society to society, the laws, the traditions and the modalities of scien 
universal, They do not feel that the acquiring of “western” scienc 
technology will destroy their own cultural traditions: they do not insult the 
traditions by believing that these are so weak. Pe 


Att 
iy 


b) Tolerance. | have spoken earlier of patronage for sciences. One’ 
this is the sense of security and continuity that a scientist-scholar 
accorded for his work. Today, an Arab or an Indian or any other Muslim 
and technologist — and on Zahlan’s count, there are more than thirty thous 
them — can be sure of a life-long welcome in the United States or in th 
Kingdom if he possesses the requisite qualities. He will have security 
and equality of opportunity for his work and advancement. We mu 
ourselves if this is true within our societies. We must ask ourselve 
discriminate against, or even at times terminate the services of scientists’ 
they happen to have originated in a country with which our governme1 
have temporarily differed. 

There is no question but that the United States of America built up its 
ascendancy in sciences in a telescoped period of time by welcomi 
community of scientists who had to flee Europe in the inter-war years.: 
welcome was not superficial; these men were accorded rights of citi 
there was no expectation that they would return to their countries of origi 
“their tour of duty” was finished. These scientists learned English, set 
raised families in the United States. Hitler drove all Jewish scientist: 
Germany. The scientists who remained tried but failed to make an 
weapon. There is the well-known story of Enrico Fermi, who went to US 
after the ceremony in Stockholm, paying his own and his family’s fare fr 
Nobel prize he was awarded in December 1938. In the USA hi 
commissioned to build the first atomic reactor, while still waiting for c 
clearance for his immigration: the higher authorities dared not accelerat 
procedures for fear of alerting the Axis intelligence. But all security rule. 
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for the US had faith in Fermi. The question is — are our countries making a 
ar bid for at least the highest level among the scientists they have imported? 

‘accord such men security, human toleration and personal peace: do we 
ome them with open arms, so that they can build up schools of research with 
liest involvement? 


} Need for a Commonwealth of Science in Islam. In my view, there is need 
“ommonwealth of Science for the Islamic countries, even if there may be no 
cal commonwealth yet in sight. Such a Commonwealth of Science was a 
reality in the great days of Islamic Science, when Central Asians like Ibn- 
nd Al-Biruni would naturally write in Arabic, or their contemporary and 
rother in physics, Ibn-al-Haitham, could migrate from his native Basra in the 
minions of the Abbasi Caliph to the Court of his rival, the Fatimid Caliph, 
of receiving respect and homage, notwithstanding the political and 
tarian differences, which were no less acute then than they are now. A new 
1i¢ Commonwealth of Science needs conscious articulation, and recognition 
gain, both by us, the scientists, as well as our governments. Today we, the 
tists from the Islamic countries, constitute a very small community — one- 
redth to one-tenth in size, in scientific resources, and in scientific creativity 
dared to international norms, At the least, we need to band together, to pool 
‘esources, to feel and work as a community, at science centers which are run 

If Islamic countries. To foster this growth, could we possibly envisage from 
vernments a moratorium, a compact, conferring of immunity, for say the 

xt twenty-five years, during which the scientists from within this 
Commonwealth of Science, this Ummat-ul-IIm, could be treated as a special sub- 
nunity with a protected status, so far as internal political sectarian 
rences are concerned, just as was the case in the Islamic commonwealth of 


) Summary of recommendations. To summarize, the renaissance of sciences 
‘an Islamic Commonwealth is contingent upon five cardinal preconditions: 
nate commitment, generous patronage, provision of security and tolerance, 

governance, and internationalization of our scientific enterprise. 

“hat such an orientation towards science will be resisted by some should not 
bted. The tragedy is that such people wrongly claim to speak in the name 

é Islamic theological tradition. Even today there are those whose views on 

are represented by the following quotes from a widely circulated Islamic 
thly — The Arabia — published in London. 
Was the science of the Middle Ages really ‘Islamic’ Science? 
The story of famous Muslim scientists of the Middle Ages such as Al-Kindi, Al- 
bi, Tbn-al-Haitham and Ybn Sina shows that, aside from being Muslims, there 
ems to have been nothing Islamic about them or their achievements. On the 
mttary their lives were distinctly un-Islamic. Their achievements in medicine, 
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chemistry, physics, mathematics and philosophy were a natural and logical 
of Greek thought. 

Al-Kindi hefd Mutazalite beliefs. Ibn-al-Haitham was another Aristot 
the words of one scientific historian, De Boer, “Al-Haitham considered the 
doctrines and came to recognize in almost all of them more or less. su 
attempts to approximate the truth.” Truth to him was only that which was 
as material for the sense perception. No wonder that he was generally regat 
heretic, and has been almost totally forgotten in the Muslim world. 


The writer goes on to castigate my work on the unification of fund: 
forces as “pantheism” and therefore un-Islamic and heretical. I am proud 
case together with Al-Kindi, Al-Razi, Tbn-al-Haitham and Ibn-Sina 
protest against the attribution of pantheistic motives to myself. 

There is no question about it, we do not speak the same language. * 
incredible outburst against men in whose work most Muslims take ) 
writer goes on to advocate a policy of the same type of isolationi 
destroyed our scientific tradition in the past: 

Countries that have escaped the political dominance of the West have: 
by unilaterally imposing an eclectic isolation on themselves. This is the ¢ 
both Russia and China, and would also have been the case with Japan'h 

Commander Perry made the opening of trade ties between Japan and Ame: 

precondition for postponing the conquest of Japan. . 

Muslim countries must develop a science policy that makes then capa 
dispensing with the need to import both western science and western technology. 


I could not agree more, so far as technology is concerned. But for 
one is again reminded of the story of Al-Biruni I have told before, w 
accused by a contemporary divine of heresy when he used the Byzantine: 
calendar for an instrument he had invented for determining the times 
prayers. Al-Biruni retorted by saying, “The Byzantines also eat food. Then 
imitate them in this!” 


Science and Technology Education Policy in the 

Third World and the World of Islam 

i) Islamic ethos and science education. The Holy Book places. 
emphasis on Al-Tafakkur (reflection on and discovery of laws of nature) an 
Taskheer (acquiring a mastery over nature through technology). Taking thi 
the realities of modern living into account, one of the first requisites 
Ummah in Islam is to encourage scientific and technological education fro 
secondary and the tertiary, through the university stages. 

In the following Table IV, I give the World Bank figures for edu: 
enrolment for the Islamic countries. 

As can be seen from the Table, there are wide variations betwee 
different countries, as well as between the industrialized and the devel 
countries. The starkest variations, however, are in the average number 
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etween the ages of 12-19 (secondary education level) and the ages 
en 20-24 (university education). The low-income developing country 
8 (“the real South” with a GNP/capita less than $400) are particularly low 
ed with those of the developed countries (22-37% versus 93% for 
yndary education and 5% versus 39% for university education). For Iran, the 
for secondary and tertiary education are 46 and 5 respectively, to be 
aréd with 93 to 31 for the developed countries. This means that at the 
ng stage, a student in most of our countries is ill equipped for the modern 
Id. It is important not only to cure this imbalance, but also to change the 
f our secondary education. The following observations are relevant in this 


‘Secondary education. After a period of compulsory lower-secondary 
tion (which may be completed at the age of fifteen or so) most modern 
ties provide for two parallel educational systems. Using the UK terminology 

1970s these two systems may be called, 1) the system of professional 
ition (“blue collar” education) comprising technical, vocational, agricultural 
mercial courses, 2) the system of higher education (“white collar” 
on) comprising courses which lead on to the university level, in the 
Ss, engineering, medicine and the arts. 


ii) A major structural failing of the Third World (and Islamic countries’) 
onal system has been that, in general, no credible professional (“blue 
ystem has developed. It is true that a half-hearted system of polytechnic 
ations and vocational schools has been built up in recent years in a number 
ird World countries, but this system has had scant prestige attached to it. 
neral rule, such systems have been run by the Ministries of Labor and 
yment, rather than the Ministries of Education.) 


.To see how inadequate such a system has been, one may recall that in 
alized countries the proportion of those enrolled for the two streams is of 
order of 50:50. In the Third World, however, the proportion of the 
mal versus the university level (blue versus white collar) enrollment is 
tmally of the order of 10:90. This preponderance of technologically illiterate is 
major cause of unemployment and of the Third World’s and the Islamic 
tries’ technical backwardness. 


( ie of the main educational tasks before us is to change this ratio of 10:90 
Q. (In the conditions of today, the blue-collar “professional system” should 
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Table IV. Net enrolment in Islamic countries and countries with large Muslim minorities-198 


Primary Secondary Tertiary ICTPy¥. 
(6-11 yrs (12-19 yrs (20-24 yrs ( 
of age) % of age) % of age) % G0 Jun 
Low-income economies “ 
(GNP/Cap less 
than 400 US$) oo w 34h = 
1. Gambia 7T5** 20 ** - 
2. Burkina Faso 32. 5 i 
3. Bangladesh 60 18 3 5 
4. Mali 23 7 1 
5. Tanzania 72 3 - 
6. Somalia 25 17 - 
7. Central Africa Rep. 73 13 
8. India 92 35 ~ 
9. Sierra Leone - - - 
10. Sudan 49 19 2 
Li. Pakistan 47 17 5 
12. Mauritania - - - 
13. Senegal 55 13 2 
14. Afghanistan - - - 
15. Chad 38 6 - 
16. Guinea 30 12 2 
TOTAL 
Middle-income econ. 104.w 49 w 14w 
Lower middle-income 104 w 42w 13 w 
(GNP/Cap between 
400 and 1600 US$) 
17. Yemen PDR 66 19 - 
18. Indonesia ; 118 39 7 
19. Yemen Arab Rep 67 10 - 
20. Philippines 106 65 38 
2b. Morecco 81 31 9 
22. Nigeria 92 29 3 
23, Egypt 85 62 23 
24. Cameroon 107 23 2 
25, Turkey 116 42 9 
26. Tunisia 118 39 6 
27, Jordan 99 719 37 
28. Syria W. Arab Rep 108 61 17 
29. Lebanon - - ~ 
TOTAL 
Upper middie income 105 w ST w l6w 
(GNP/ Cap between 
1600 and 4000 US$) 
30, Malaysia 99 53 6 
31. Algeria 94 31 6 
32. Oman 89 32 | 
33, Iran, Islamic Rep 112 46 5 
34. Irag 100 55 10 


TOTAL 
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Primary Secondary Tertiary ICTP visitors 
(6-11 yrs (12-19 yrs (20-24 yrs 1970-88 
of age) % of age) % of age) % (30 June} 
Developing countries 101 w 39 w 8w 
107 w 44w 10 w 
109 w 40 w - 
104w . 47 w 16 w 
75 w 23 w 2w 
86 w 56 w llw 
69 42 Bl 69 
101 83 16 110 
111 ** 86 ** 10 * 3 
99 58 8 1 
127 87 11 123 
306 
21,116 
102 w 93 w 39 w 
104 91 27 275 
100 96 22 42 
106 85 35 5 
98 75 26 4,142 
101 89 22 1,350 
95 96 31 357 
99 719 27 408 
95 102 31 290 
114 96 30 1,150 
sttralia 106 95 28 78 
rmany, Fed. Republic 96 74 30 1,439 
land: 104 * 102 33 " 42 
2 98 103 29 116 
102 96 30 314 
98 83 38 390 
105 103 55 211 
o7 97 31 41 
101 99 57 2,391 
~ ~ 22 373 
13,414 


Development Report 1988, World Bank, 1988. 

SCO Statistical Yearbook, 1987. 

verage for all countries (Islamic, countries with large Muslim minorities and 
nging to the income category concerned. 
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be accorded equal status with the better-known “liberal” educational s 
should include courses on modern materials (including metal fabricatio 
as courses on microelectronics. 


vi) Our first task will be to bring a measure of prestige to the 
system of education. One will need to give serious consideration to th 
of National Certificates — or preferably, decide to identify thes 
prevailing awards. What we have in mind is this. Parallel with the pre 
of education in arts and sciences, we should create a second — the pr 
system of education. Each award — the matriculation, or the Bachelor 
may be obtained either after the present “liberal” courses in arts or's 
now, or after technical, agricultural, or commercial courses from a po 
an agricultural, or a commercial school. So far as job oppo 
administrative services are concerned, all Bachelor’s Degrees (genera 
or commercial) — likewise all matriculates of whatever variety — wou 
equivalent. Only thus will the exclusive hold on the public mind of th 
prestigious “liberal” system of education be broken, 


vii) University level. The proportion of those following S 
Engineering versus those following the arts at the “liberal” universit 
the order of 50:50 in most of the industrialized countries. This is certa 


case for most developing countries, nor for the Islamic countries. On 
at 50:50 ratio. 


viii) Specialization. One proposal, which may be considered in th 
that of specialization. Could, for example, a consortium of Universities: 
and UK be helped by their governments and encouraged to tak 
University Science in all those developing countries who desire this?, 
Netherlands and Belgium look after the building up of libraries and lab 
Could Germany and Japan look after technical education at all level 
Scandinavia look after the scientific aspect of ecology? Could Switzeé 
Austria (with their well-known pharmaceutical expertise) look afte: 
education? Could Italy, with its experience of setting up International ¢ 
Physics and Biotechnology, look after the creation of similar instituti 
disciplines of science in centers within developing countries? Could | 
Canada, Australia, New Zealand look after education for agricultt 
education for prospecting? Could one envisage the USSR taking care of f 
secondary and vocational education? Could France, Canada and Spain 
all these actions for the French and Spanish speaking developing count 
desired by them? This is merely an illustration of what a possible divisio 
relevant tasks could be. Eventually, of course, these suggestions woul 
be tatlored and modified when detailed projects are elaborated. 
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‘What I have in mind is something patterned along the lines of the success 
dia achieved in the decade of the sixties when it created four Indian 
of (Science and Technology). The one in Kanpur was created by a US 
jum of universities, which helped to raise and furnish it, besides supplying 
er cadres of teaching staff for a number of years. The one in Delhi was 
by a consortium of British universities; the one in Bombay by the USSR 
one in Madras by the Federal Republic of Germany. Each nation helped 
p the institute under Indian auspices, contributed staff and left behind a 
nin teaching and research, which has continued even after the original 
have expired. There was a healthy rivalry between the donor nations 
vith each other; this guaranteed the excellence and standards of quality. 
visage in the proposal above is something like this except that it is to be | 
out on a much wider canvas. One would hope that by the year 2000, if the | 
drawn up now, many of the objectives I have mentioned will have been ‘| 
d. In this, one must not forget that (even though not affluent enough to 
» materially) countries like China, India, Brazil, Egypt, Nigeria, 
ia and many others could make highly valued intellectual inputs to 
ecialized efforts. 


ernational Modalities for the Growth and 

lization of Science and Technology 

ted Nations agencies and international centers for science. In 
ral co-operation, the United Nations agencies, including the United 
University, should have a prominent role in building up scientific 
ure in their areas of competence. Developing countries need 
al research institutions on the applied side like the Wheat and Rice 
ch Institutes in Mexico and in the Philippines and the International Centre 
Physiology and Ecology in Kenya. There is also the experience on the 
de; of UNESCO and IAEA in relation to the International Centre for 
Physics, Trieste (with visits of 4000 physicists last year, 2500 of 
rom developing countries and 1500 from the industrialized countries; 
isitors came from Iran and nine hundred and fifty-four from the Arab 
lamic countries), or of UNIDO for the International Centre for 
logy and Genetic Engineering at Trieste and Delhi, on the applied side. 
entres are run by the scientists for the scientists. The South should, at the 
ilize those trained at these Centres and urge other United Nations 
ions to set up international centers in disciplines relevant to their 
Si 

; context, there is the proposal to create in Trieste for the developing 
s an International Centre for Science which shall have five components: 
existing International Centre for Theoretical Physics, 2) the existing 
ional Centre for Genetic Engineering and Biotechnology; 3) a new 
nal Centre for High Technology and New Materials; 4) a new 
| Centre for Chemistry, both Pure and Applied; and finally 5) a new 
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International Centre for Earth Sciences (for research in and for 
knowledge of the recent advances in geology, prospecting, soils, as. 
the environmental aspects of Earth Sciences, including Meteoro 
International Centre for Science will be created with United Nations sp 
by the Italian Government. 

The Third World Academy of Sciences — a non-governmental org 
convened in October 1988 the first meeting of the third World: 
Scientific Organizations. This meeting brought together fifteen M 
Science, Technology and Higher Education, twelve Presidents of Ac. 
Science plus seventeen Chairmen of Research Councils from thirty: 
World countries, We decided to create a scientific organization for-lo 
global science — and also, inter alia, act as a pressure group for Science 
Third World — on the pattern of the Group of ’77. The current membe 
Network consists. of eighty-nine Ministries of Science, Technology: 
Education plus Academies plus National Science Research Councils 
Third World countries. The discussions focused on the Third World 
on global scientific problems like Fusion Research, the Human Genoi 
the Greenhouse Effect, and Waste Disposal in the South. 


ii) The Third World Academy of Sciences has as its Fellows (0: 
Fellows) one hundred and thirty-nine of the Third World’s most pr 
Scientists from fifty countries (ten of them Nobel Laureates born i 
World). The Academy is proud to have among its membership two Fell 
Iran, Dr. Farrokh Saidi and Dr. Yousef Sobouti and as an Associate Fell 
Ali Javan from MIT. The Academy has among its projects one for So 
collaboration in Sciences. More than two hundred Fellowships have. 
made available by the Scientific Institutions in Argentina, Brazil, C. 
Colombia, Ghana, India, Iran, Kenya, Madagascar, Mexico, Vietnam 
for such visits. The Third World Academy of Sciences pays for th 
Third World scientists to a third world country. Clearly, the efforts o 
World Academy of Sciences — a Non-Governmental Organization 
direction need to be enhanced a thousand-fold. 


ili) Science Foundations in Islam. In 1973, the Pakistan Governme 
suggestion, requested the Islamic Summit in Lahore to sanction at lee 
Foundation for Science for Istam, equal in size to the Ford Founda 
capital of one billion dollars. Eight years later, in 1981, such a Found: 
created but — I believe — with just fifty million dollars promised instead 
one billion requested. It may have been more charitable not to have’ 
ourselves by this creation. [...] 


12. Concluding Remarks 


Why am I so passionately advocating our engaging in this enterp 
creating scientific knowledge? This is not just because Allah has endo’ 
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‘urge to know, this is not just because of the conditions of today, this 
sdge is power and science in application the major instrument of material 
; it is also that as members of the international world community, one 
1at lash of contempt for us — unspoken, but still there — of those who create 


ave addressed in this paper three categories of “those with the word” 
: these are the affluent whom Allah has endowed with substance, our 
ers and princes responsible for our science policies, and our men of 


I have repeatedly emphasized, science is important because of the 
ying understanding it provides of the world around us, of the immutable 
of Allah’s design; it is important because of the material benefits and 
in defense its discoveries can give us; and finally it is important because 
versality. It could be a vehicle of co-operation of all mankind and in 
ular among the Islamic nations. We owe a debt to international science, 
all self-respect, we must discharge. ... 


let me finally repeat, for those who are worried about the impact of 
science on Islam, that to know the limitations of science, one must be 
living science; otherwise one will continue fighting yesterday’s 
hical battles today. Believe me, there are high creators of science among 
| potentially among our youth. They have the strongest urge to join in the 
of knowing. Trust them; their Islam is as deeply founded, their 
of the spiritual values of the Holy Book as profound, as anyone 
vide them with facilities to create science in its standard norms of 
We owe it to Islam. Let them know science and its limitations from 
ere truly is no disconsonance between Islam and modern science. 


me conclude with two thoughts. One is regarding the urge to know. As I 
ore, the Holy Qur’an and the teachings of the Holy Prophet emphasize 


h sorrow in my heart, I told him what I knew. Taking my leave, I 
ssed the portals of his house when the cry arose from inside. Al- 
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Appendix 1. Participation of scientists from Arab-Islamic countries in the activities of the International Centre for Theoretical Physics (CTP) and of the Third World Academy of Sciences 
(TWAS), Trieste, Italy 
Member states ICTP TWAS GNP* Population 
No. of scientific Extermal Visits to Federation Visits to South- South Research ($US (millions) 
visitors 1970-1988 activities Italian Jabs agreements Ttakan labs fellowships grants billions) 
(30 June) 1986-88 1983-88 1988 1986-88 1986-88 1986-88 1985 1985 


- - - 4.00 0.42 
- ~ - 24,80 1.70 
- - - 8.40 1.20 
~ - - 5.10 3.20 
- - - 102.10 11.50 
- - - 26.40 1.40 
- - - 4.10 8.00 
ae Se Sau 1.10 2.10 
- - - nha 15.70 
2 - ~ 4.00 3.50 
- - - na. 2.60%* 
2 


GROUP I Bahrain 3 - - 
Kuwait 110 - - 
Oman - - - 
Qatar 16 
Saudi Arabia 69 
United Arab Emirates 1 
Yemen AR 44 
Yemen PDR | 4 
GROUP IT Traq 137 
Jordan 140 
Lebanon 124 
“Syria 113 
West Bank Zz 
GROUP III Afghanistan 11 
Tran 299 
Maidives - 
Pakistan 598 
. Turkey : 585 
Cae Ba caer a ea 
Indonesia 167 
Malaysia 179 
eae cree sr aa 
Djibouti 1 
Egypt 
Libya. 
7S Moroc 


- 2 17.10 10.5 
- - na Ta. 
, a. 17,02** 
na. 45.20 
0.05 0.17 
36.20 95.00 
36.00 49.40 
14.80 100.60 
86.60 162.20 
31.90 15.60 
"55.20. 
na. 
32.20.:: 
27.00 
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“Appendix T. (continued) BS 


Population* - 


PETES ES . TWAS GNP* 
No. of scientific External Visits to Federation Visits to South- South Research (SUS (millions) 
visitors 1970-1988 activity Italian labs agreements Ttalian labs fellowships granis billions) 
(30 June) 1986-88 1983-88 1988 1986-88 1986-88 1986-88 1985 1985 
Group VI Burkina Faso 15 ~ - - ~ - ~ 1.10 7.80 
Cameroon 32 - - 1 - 1 - 8.30 10,20 
Central African Rep. 3 - - - - - - 6.20 2,580 
Chad 2 - - - - - - a. 5.00 
Comoros 2 ~ - - ~ - - 0.10 0.40 
Cote d’ Ivoire 29 5 - 3 ~ - - 6.20 10.00 
Ethiopia 96 1 1 2 2 - 4.60 47.27 
Gabon § - - 1 - - 3.30 1.00 
Gambia 4 - - - - - 0.17 0.70 
Guinea 38 - 2 3 - 3 - 1.90 6.00 
Guinea-Bissau ~ - - - - - - 0.15 0.90 
Mali 51 1 4 3 - - = 1.10 7.50 
Mauritania Ss - - l - - _ 0.70 1.70 
Niger ii - - - - ~ - 1.30 6.40 
Nigeria 533 8 32 20 8 4 14 75.9 99.70 
Senegal 63 2 1 1 - - - 2.40 6.60 
Sierra Leone 70 1 2 1 - 3 3 1.40 3.70 
Somalia 21 - § 4 - ~ - 1.50 5.40 
Togo 34 - - - - ~ - 0.75 3.00 
Uganda 58 - - ~ 1 - - Ta. 15.40 
GRAND TOTAL 3,743 63 135 170 34 31 56 2 


a i ll NN REA A 


*From World Bank Atlas, 1987. 


From 1986 to 1988 TWAS has provided scientific books and journals, as well as spare parts for scientific equipment to twenty-seven countries and financially supported fifty-five scientific 


meetings in fourteen countries. 


**Figures for 1983. 
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Appendix I. R&D Manpower in Islamic countries 


Country Population in 1985* R&D 
(millions) scientists and engineers**. 

Afghanistan 17.02 (1983) 330*** (1966). 

Algeria 21.86 242*** (1972) 

Bahrain 0.42 - 

Bangladesh 100.6 - 

Burkina Faso 78 - 

Cameroon 10.2 = y 

Chad 5 B5*** (1971) 

Comoros 0.4 - x 

Djibuti 0.4 - : 

Egypt 47.3 19,941 (1982): 

Gabon 1 Bee (1970): 

Gambia 0.7 - Fe 

Guinea 6 1,282 

Guinea Bissau 0.9 = : 

Indonesia 162.2 24,895 (1984): 

Tran 45.2 3,104 (1985) : 

Traq 15.7 ; {,486*** (1972): 

Jordan 3.5 1,241 (1982): 

Kuwait L7 1,511 (1984) : 

Lebanon 2.6(1983) 180 (1980): 

Libya 3.6 1,100 (1980) - 

Malaysia 15.6 ~ . 

Maldives 0.17 - 

Mali 75 ~ 

Mauritania L7 ~_ 

Morocco 21.9 = : 

Niger 64 93 (1976). 

Nigeria 99.7 2,200 (1977) - 

Oman 1.2 - ne 

Pakistan 9S 9,325 (1986) | 

Qatar 3.2 229 (1986) © 

Saudi Arabia 145 - 

Senegal 6.6 522 (1972) 

Sierra Leone 3.7 ~ 

Somalia 5.4 ~- 

Sudan 22 3,806 (1986) 

Syria 10.5 ~ 

Tunisia 71 ~ 

Turkey 49.4 7,747 (1983) 

Uganda 15.4 : ~ 

United Arab Emirates 1.4 ~ 

Yemen ALR, 8 60 (1983) 

Yemen P.D.R. 2.1 - 

TOTAL ; 79,387 


* ~~ From: World Bank Atlas, 1987. 
** From: UNESCO Statistical Yearbook, 1987. 
*** From: “Islamic Conference on Science and Technology”, Secretariat 


Report, May 1983. 
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ence in the Third World 


am deeply honored by the award of the first Edinburgh Medal and the Prize. 
will go towards funding the Talent Fund for developing countries, 
| Thad set up from the Nobel Prize. The Holy Prophet of Islam taught us to 
k men and women whenever they do good for you” — for “whosoever does 
ank people, does not thank Allah.” In keeping with this teaching I express 
de to you for kindly awarding me the Edinburgh Medal and Prize. 


came to the UK in October 1946 and my first port of call outside of 
ridge in December 1946 was Edinburgh where I was the guest of Professor 
pry. Jack, who was then taking the math tripos with me. Henry Jack was the 
man I had ever seen in my life till that time. He was equally big and 
in his hospitality. I fell in love with Edinburgh right away. Its fresh 
seemed to course through the city — reminding me of the fresh breezes 
ch coursed through my native town of Jhang. 
Then Professor N. Kemmer, at Cambridge my supervisor for Ph.D., moved 
burgh leaving an empty place in Cambridge, which I was invited to fill in 
-Kemmer had been an assistant of Professor Pauli and is very proud of it. 
Edinburgh became a port of call for me once again. I remember the visit of 
essor W. Pauli during 1957, when he was entertained for lunch by the 
artment of Physics. Pauli was a bit sleepy after lunch with the hospitality and 
whiskey which had been showered upon him, but there was no getting away 
Professor Kemmer, who asked his and my ex-student J.C. Polkinghome to 
min front of Pauli and tell him what he had been doing on dispersion 
ns. Pauli had the status of an oracle in our subject. His word was law. But, 
a big Scottish lunch, it was a bit of a tall order for him to concentrate. 
hen Professor Kemmer very sweeily, at the conclusion of Polkinghorne’s 
tation, asked Pauli what he thought about the subject, Pauli opened his 
lowly and deliberately and said: “I pay no attention to dispersion-relations. 
e them to my present assistant.” And that was all that one could get out of 


‘next big occasion when Edinburgh was very much in my thoughts was 
1963-64 when I learned about the Higgs mechanism proposed by 
ssor Higgs. [learned it from Professor T. Kibble, who is also an Edinburgh 
luate (Kibble is Head of the Department at Imperial College). Kibble taught 


cpts from the address on accepting the first Edinburgh Medal and Prize, 1989. 
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me about the Higgs mechanism which both Weinberg and I used to brin 
spontaneous symmetry breaking in the unified electro weak theory, whict 
the Nobel Prize. 

This unification was couched in the same mould as the unification wh 
wrought by James Clerk Maxwell, a Scotsman and one of the greatest ph 
the world has ever seen, concerning the relation of electromagnetis 
radiation. Maxwell had shown that when a charged particle is accelerat 
radiates. He had found the speed of radiation to be equal to the 
electromagnetic to electrostatic charge. From this one number, which 
measured carefully, and which was found to be nearly the same as the veloc 
light, he went on to assert that electromagnetism and radiation ar 
Maxwell died very young and did not live to see the great ideas being carri 
in the laboratory to show that accelerating charges do produce radiation 
same velocity as that of light. But this unification remains one of the ‘gt 
landmarks in the whole of physics. 


The Higgs Particle now forms the subject of even popular accounts of 
to look for in the new generation of Particle Physics accelerators. 

A humorous excerpt from an article by Peter Simple entitled “Quark Vi 
which appeared in the London Daily Telegraph on April 27, 1988, was r 
by D.H. Perkins at the 1988 Munich Conference: “American scientis 
planning to erect the largest man-made structure in the world apart fro 
Great Wall of China. ... the scientists hope that this (the SSC) will prove on 
or another their theory that almost everything that happens in the univers 
explained in terms of a cosmic struggle between two armies of particles, 
quarks and the leptons. As yet, the theory has remained unproven because, 
reported, ‘for the sake of symmetry, the physicists have yet to find the 
quark’ and, most important, have had to introduce another particle, th 
particle, named after Peter Higgs of Edinburgh University. So, is the last riddl 
the Universe about to be solved? Well, not entirely, because it turns out that 
SCC will not be able to hunt directly for the Higgs particle’ since this ‘de 
almost immediately’ and furthermore some physicists ‘like Chris Qui 
they do not find it.’ Just what is going on here? Who are the goodies and b 
in this story? Is Quigg the leader of the Leptons? Is Higgs himself the mysteri 
“Sixth Quark’, shadowy ruler of the universe? Will Quigg’s leptons man. 
overthrow Higg’s evil empire before it is too late?” . 


The next occasion was in 1971 when Edinburgh University, at the insti, 
of Professor Kemmer, awarded me my first Honorary D.Sc. degree in very se. 
company. 


My thesis in speaking to a forum like this one is that the situation 
developing world is so bleak that without active involvement of the internation 
scientific community it will not change. My thesis is that indigenous scienc 
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last of the idealists, our motives are not politically suspect, we fortunately 
sess a fund of goodwill through the work of the institutions which include 


The involvement of the world scientific community and the help it can give 
e weak scientific communities in the developing countries can take many 
rent forms, [...] 3 
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Maimonides’ Scientific Contribution in. 
Relation to the Milieu of Science in Islam 


Abu *Imran Musa ibn Maimun ibn ’Abdallah al-Qurtubi al-Isra’ ili. 
called The Second Moses or the Moses of his time — was a Hispano-Je 
philosopher, theologian, physician, mathematician and astronomer, He w 
in Cordoba in 1135 AD, and died in Cairo in 1204. His family lived in Cor 
until the Almohade conquest in 1148-49, when they left, and for a dozet 
lived in various places in Spain; in 1160 they settled in Fez but were. 
obliged to move again, reaching Fustat (old Cairo) in 1165. He spent the re: 
his life in Cairo, as a famous physician. He was patronized by Salah al-] 
wazir, Al-Qadi al-Fail al-Baisani; later he became physician to Salah al-Dig 
to the latter’s son. : 

Maimonides and Ibn Rushd were the greatest philosophers of their tir 
Neither knew Greek, and their knowledge of Greek philosophy and science 
derived from Arabic translations. 

Maimonides’ most famous work was the Dalalat al-Ha’irin, or “Guide ¢ 0 
Perplexed”, completed in 1187-90, “The design of his work,” said the autho 
to promote the true understanding of the real spirit of the Law, to guide. the 
religious persons who, adhering to the Torah, have studied philosophy ane 
embarrassed by the contradictions between the teachings of philosophy and 
literal sense of the Torah.” That is, Maimonides’ purpose was to reconcile Jewis: 
theology with Islamic Aristotelians, or faith with reason. To do this, he pay 
allegorical interpretation of Biblical anthropomorphism, keeping clear at once 
mysticism and of religious skepticism; for example, he explained prop! 
visions as psychical experiences; and Jewish laws and customs from the point 
view of comparative ethnology. He insisted that human perfection is insepar. 
from knowledge, and that the acquisition of knowledge is one of the high 
forms of religion. To that extent Maimonides was the champion of sci 
against Biblical “fundamentalism”. in spite of its moderation, the Da. 
scandalized the more conservative theologians — they called it Dalalat, mea 
error perdition. 

It is of significance that all of his works except one (the commenta 
Mishneh Torah) were written in Arabic, even if they were addressed to his fe 
Jews. In answer to a contemporary request that he translate his work: in 


Reprinted from Renaissance of Sciences in Islamic Countries,” b 
Muhammad Abdus Salam. Edited by H.R. Dalafi and M-H.A. Hassan, PP. 29 
302. Singapore: World Scientific Publishing Co., 1994. 
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_ he stated that it would thereby lose its specific character. When the 
of Lunel asked him to translate the Guide into Hebrew he stated that he 
hed he were young enough to do so. 


know some of his astronomical views through the Dalalat, which 
ins, for example, a discussion of Ibn Bahha’s criticism of Ptolemy. 

Maimonides rejected epicycles and eccentric movements as contrary to 
elian physics. However, such incompatibility of the models used by 
onal astronomers with the basic tenets of the Aristotelian world-view 
I; Chapter 24, of the “Guide for the Perplexed”) worried Maimonides. 
while the epicycles and eccentrics employed by astronomers seem to 
‘the principle that the motion of the heavenly bodies be uniform, circular, 
about a fixed center, he felt perplexed that the results achieved through the 
‘these very devices are startlingly precise, This, Maimonides says, is the 


27 


tplexity”. 


Mathematics 

monides’ major work in mathematics was his “Notes on Some of the 
ions of the Book of Conics”. The existence of this text was first brought 
ttention of the scholarly world by our colleague and friend, Dr. Fuat 
mn, in volume five of his monumental Geschichte des arabischen 
ifttums. Since Dr. Sezgin is here I will not speak much about this except to 
that the main aim of his treatise is to supply the missing steps to Apollonius’ 
an endeavor which has occupied both ancient commentators such as 
ius and modern ones such as ver Eecke. 

Maimonides’ rationalist thinking and his reinterpretation of the Bible is 
enced by his remarks on the mathematically defined irrational nature of the 
er of the circle to its circumference. Maimonides writes: “You should 
that the ratio of the diameter of a circle to its circumference is not known 
is never possible to speak of it truly. And the lack of this knowledge is not 
se of us ... but it is in the nature of this thing to be unknown and impossible 
teached. It can, however, be known approximately. The mathematicians 
already written for it works to know the ratio of the diameter of the 
eter approximately. The conventional way in this approximation on which 
cated people rely is the ratio of one to three and one-seventh and every 
hich has in its diameter a cubit will have in its parameter three cubits and 
enth approximately. And since this will never be reached but 
oximately, they (the authors of the Mishneh), took the rough estimate and 
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said: “Whichever has in its parameter three spans has in it a diameter on 
And they relied on this estimate if one needs such a measurement in the Tore 


Astrology 
In 1194, he addressed a letter to the rabbis of Marseilles, wherein he 
hesitate to condemn astrology in the most uncompromising manner. Accor 
him, astrology is not a genuine science but a system of superstitions. 


Forced Conversion 

Many Jews had outwardly adopted Islam and their consciences 
troubling them, and this prompted Maimun to write his Iggeret Ha-Neh 
(“Letter of Consolation”) assuring them that he who says his prayers even 
shortest form and who does good works, remains a Jew. Although Maim 
most strongly deprecated the condemnation of the forced converts by “thi 
styled sage who has never experienced in the way of persecution”, his conch 
is that a Jew must leave the country where he is forced to transgress the d 
law. : 


Rationalism 

A discussion of Maimonides’ rationalism is the more necessary ee 
subject has been obscured by many misunderstandings. To see it in: 
perspective, one must remember that Maimonides was an ardent Aristotelian 
yet an orthodox and pious Jew. 

Reason, Maimonides thought, being a gift of God, cannot be irecoticilah 
with religion. It must be possible to give a rational account of the uni 
without traversing religious dogmas, for both the world and the faith are 
God. The main stumbling block was the Aristotelian theory of the eterni 
matter. How could this be reconciled with the idea of creation? Maimonid 
common sense revolted against the artificial doctrines of the Muslim atomists 
this regard. He saw that one could not accept at once the eternity of matte: 
the account of Genesis; it was necessary to make a choice; he chose Gel 
This gives us a measure of his rationalism; he was ready to carry it to any: 
compatible with his creed, but not further. What we would call natural law 
for him design; all the regularities of nature are contingent upon the existence 
a rational God. The world is one individual whole, rational through and thr 
for without rationality, there would not be any knowledge, or morality 
religion. He believed in the power of human thought to grasp metaphysical. tru 
— and thereby laid the foundation of Jewish preoccupation with modern Scie 
Maimonides denounced vigorously the absurdities of superstition and wa: 
ready to uphold the supremacy of reason. In common with every- othe 
philosopher who was more inclined to rationalism than to mysticism 
emphasized the ethical side of religion; man must be good before he can be wis 
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onclusion 
Aaimonides was a true product of Arab-Islamic culture. In his courageous 
ment, “the gates of interpretation are not closed”, he is even echoing a 
ious Islamic saying. But there was one special characteristic about his 
wetations of Jewish scriptures. More than his near contemporary Ibn Rushd, 
believed that Science too has its limitations, for Science continually changes 
discovers newer syntheses. Whereas fbn Rushd tried to justify what he 
wight was the scientific world view —Aristotle in his entirety — Maimonides 
ted the ideas of Aristotle about eternal nature of matter. He took the attitude 
ch we in science take today — there are matters on which Science, of its 
alized nature, cannot pronounce. Thus Maimonides does not attempt to 
e that the world was created in time. He is content to demonstrate that no 
of for the eternity of the world exists. 
it is harsh to say but I believe that it was Maimonides’ humility in this regard 
h laid the foundation of Jewish preoccupation with modern science, while 
ce in Islam died because Islamic Aristotelians could not bring themselves to 
udiate what they thought were scientific pronouncements of Aristotle. 
he conviction of Maimonides and his followers that divine revelation and 
sophy agree in their ultimate nature was founded above all on their view 
philosophy provided a confirmation and scientific proof of the monotheism 
Bible. Aristotle had demonstrated that all happenings in the world derived 
1 supreme divine principle. All movement and change of things had its 
in an Unmoved Mover, free from all corporeality, whose nature lay in His 
t. In contrast to this, the Neo-platonic school derived also the existence of 
orld from God. The Arab Aristotelians incorporated this Neo-platonic 
eption into the Aristotelian system. They identified Aristotle’s Unmoved 
with the Neoplatonic One from which all Being of real things goes forth. 
the Biblical belief in one God, to whom the Being of all things reverts, had 
iven its philosophical foundation. 
While according to the teaching of the Bible the world has been brought into 
by a free act of creation on the part of God, these systems view it as the 
ssary result of the ultimate divine Unity, from which the plurality of things 
na continuous process. The contrast of the two attitudes is expressed in 
erence that according to the Biblical belief in creation the world has a 
ning in time, while in the Neoplatonic-Aristotelian theory eternal causation 
respond to the common ground with the Neoplatonists and the Arab 
telians, He demonstrates that this conception of God, too, does not lead to 
uction that the world must of necessity come forth from God. For this 
e is convinced that he does not deviate in principle from Aristotelian 
hy, but only frees it from certain deductions, which have no necessary 
on with its basic character. 
h individual movement has come into being, but movement as such must 
al, 
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Maimonides fully acknowledges this view as far as happenings wit 
world are concerned. But these laws apply only within the existin 
Nothing entitles us to ascribe to these laws of nature an absolute validi 
extend their application beyond the limits of the world. Ali that is deni 
validity of these laws outside the limits of nature as we know it. . 

As has been mentioned before, the Neoplatonists and following them 
Arab Aristotelians endeavored to prove that the assumption of creation 
contradicts also the true conception of the nature of God, If any being, the 
begins an activity which it did not carry on previously, then a change take: 
within that being, which must be due to some cause. 

If the world had proceeded from God by logical necessity, then it shou! 
possible to apprehend by logic alone why its structure is just so and not oth 
and why things follow upon each other in just that order. In reality, suc 
consistency is absent even in the heavens, which according to that teachin. 
directly from the spiritual world. The uppermost sphere, which is co 
devoid of stars, is followed by a sphere bearing the entire mass of fixed s 
in turn by the planetary spheres, each bearing only one star. The same 
system and order is also evident in the movement of the celestial sphe 
with regard to their speeds and directions. If, therefore, the world has its 
God, it cannot have arisen from Him with logical necessity, but must b 
of a divine act of will, which arranged the phenomena of nature in a mann 
deducible by logic, in order to realize thereby certain aims. In our case; 
irrational character of reality gives rise to the conclusion that the rise of the 
from God cannot be understood as a logical process, but only as an act of 1 

Historians of ideas think that Dalalat al-Ha’irin contains a very’ ¢ 
thesis. In fact in his classification of concepts, Maimonides affirms that th 
concepts which we can prove mathematically without being capabl 
conceiving them. He gave the example of the asymptote to an equi 
hyperbola. 

The thesis is important: it shows that philosophers in the Islamic worl 
interested in the asymptotic behavior and positively (not only potent 
infinite properties. The thesis of Maimonides was developed before him and 
more detailed and rigorous way by Muhammad bin Abdul Jalil Al-Sij 
treatise on the “asymptote”. Al-Sijzi classified the concepts used in mathe: 
as functions of two criteria: 1) the possibility or not to conceive the 
imagination, and 2) the possibility or not to prove them. This example shor 
Maimonides was working completely in the rationalistic Islamic tradition: 
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Conference in Moscow when he spoke on the subject of induced gravity 
‘ing he had been working on and which I liked very much. 
cond occasion was in 1975 during the celebrations of the 250th 


sts asking him for Sakharov’s telephone number. He would not give 
phone number of Sakharov, pretending that he had misplaced it. I 
is perturbation. 


letter enclosing some of my papers to Sakharov while he was in exile 
These papers were returned to me with the statement of the Post Office, 
not known. 

as all very discouraging but then there was the triumphal return of 
yhen Gorbachev came into power. 

im again, the last time, in February 1987 when I was attending the 
al Forum of Scientists devoted to the Problems of Drastic Reduction 
‘Weapons. 


ndrei Sakharov, Facets of a Life, ed. by P.N. Lebedev, pp. 577-78. 
Editions Frontiers, 1991. 
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1 saw Sakharov after the Physics (private) seminar, which we had: in 
Linde’s office, which he attended. I was struck by his knowledge abor 
aspects of Physics. I thought it was a great thing for the subject in the Sovie 
Union that a man like him who was besieged by so many different things, cou 
keep up in Physics so closely. 


These are my recollections of Sakharov, the man and physicist. whe 
admired greatly. He was a legend in his own day. @ 


55. Andrei D. Sakharov 
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s from Science and Technology — 
e for the South 


‘oduction 

ess in science and technology (S&T) has become the determining factor 
esent, and, in particular, the future of mankind. This is generally 
but, as yet, has only been expressed in words; the practical effects of 
ding to J.D. Bernal, have yet to be fully appreciated and put into use. 
ase of the majority of countries of the South, the situation is even worse 
is too little interest in S&T, which are paid only lip service. Such an 
pormaely dominates i in the South i in spite of the fact that science and 


f this position, I have published several issues ‘of the Notes on 
chnology and Science Education in the Development of the South + 
g was prompted by my work in a separate issue of the Notes, This 
detailed discussion and elaboration of S&T in the Commission’s 
ch reflected the major points of the Notes, within the framework of 
elopment based on self-reliance of the South, individually and 
. That was the first time that S&T had been dealt with in a report of 


ON otes were distributed to scientists of the South — to members of the 
World Academy of Sciences (TWAS), the Third World Network of 
ganizations (TWNSO), and the Third World Organization for 


ants in the inaugural meeting of the TWNSO, attended by the 
s of thirty-six Third World countries, on learning of the work of the 
ission and receiving copies of the Notes at the Conference itself, 
1¢ following: 


I, U, VW, XT and XI of Abdus Salam’s Science and Technology: 
or the South (Trieste, Italy: The Third World Academy of Sciences 

1 World Network of Scientific Organizations, 1992, pp. 1-10, 89-98, 
173). The book was prepared at the request of Julius Nyerere, 


the South Commission, later President of South Centre, Geneva. 
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Trieste Declaration on Science and Technology 
as an instrument of development in the South 
Recognizing the fundamental importance of science in socio-eco 
and cultural development and technological progress, and keeping i 
the recommendations of the South Commission’ pertaining to the cruci 
of science in the Third World, as mankind approaches the 21st cen 
members of the Third World Network of Scientific Organizations pre: 
the meeting held in Trieste from October 4-6, 1988, resolve to work 
giving Science and Technology a position of highest priority in the 
countries and to strengthen their collaboration with other Eon 
South as well as of the North. th 


The Notes were also distributed on specific occasions, such as th 
Summit of Non-aligned Countries, which gave support for S&T, inclu 
creation of twenty new centers of excellence. Reaction to the No 
statements on the issues included gave rise to the suggestions fe 
elaboration of some issues which, for the sake of conciseness I had omit 
the Notes. 

In this present book, which I intend as a separate publication, cons 
material from the Notes has been used, expanded quite extensively, and 
throughout, for example the chapter on science and technology. Certai 
on items are completely new, in particular the chapters on contribution of 
economic growth, transfer of technology, and on the environment. Th 
throughout are fully supported by figures. a: 


'The South commission was established in 1987 under the Chairmanshi : 
Nyerere, former President of Tanzania, following the years of informal: di 
among intellectual and political leaders from the South. The Commission is mai 
individuals from all the continents of the South, acting in their personal capaci 
The Commission’s work involved providing practical recommendations on 
appropriate for and conducive to development of the South in the 90s and bey 
on self-reliance. 

As decided at its establishment, the Commission terminated its work after t 
in 1990, on the completion of its task by publishing its Report, “The Challen 
South”, distributed widely in many languages. : 

After the Commission Secretariat ceased operation, The South Centre | in 
whose Advisory Committee is chaired by Julius Nyerere, continues to wor 
follow-up office of the South Commission, cooperating with institutio 
developing countries and preparing papers on topics of major interest to them. 

Underlying all the recommendations of the South Commission is the recogni 
clear statement, that responsibility for the South lies in the South itself, and in th 
of the South, a sentiment echoed throughout this present book, and reflected in, 
itself: Science and Technology — Challenge for the South. 
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0k deals with S&T in general. It covers results, achievements and 
ngs in the developed West and East, thereby pointing out challenges 
ting opportunities for the South to take up. This stems in its entirety from 
tion that S&T are global in character and role.” 

ealing with the South, the countries that are developing, I am well aware 
‘are differences within this group of countries, as indeed there are 
lustrialized nations, though these latter exhibit slighter distinctions. 
showing notable differences are East and partly South Asia, the Middle 
traditionally more developed countries primarily in Latin America, 
\'a slow-down, and finally the least developed countries, with a special 
ub-Sahara Africa. An attempt has been made to present specific 
ithin various DC (Developing Countries) sub-groups, as well as 
on these nations, depending of course on the availability of sources of 
ymments are included wherever helpful. 

‘context of the differences referred to above, may I quote the statement 
th Commission: “Yet in this diversity there is basic unity. What the 
of the South have in common transcends their differences; it gives them 
dentity and a reason to work for common objectives. And their 
diversity offers opportunities for cooperation that can benefit them 


it is clearly understood that commendations (or condemnations) of 
in various countries such as Australia, Bangladesh, Brazil, India, 
South Korea, Singapore, South Africa, UK, USA, the former USSR, or 
interspersed throughout, are directed only at their science policies and 
nake any reference to their political systems. 


owledge Julius Nyerere, President of the former South Commission and 
ers, for incorporating science and technology into its program, and for 
ring its work very stimulating and penetrating discussions, the findings of 
corporated into The Report of the South Commission - The Challenge of 


ebted to colleagues of mine present at the inaugural meeting of the Third 


k of Scientific Organizations held in Trieste from October 4-6, 1988 for 
Trieste Declaration, presented in the Introduction, as indeed I am to my 
s of the Third World Academy of Sciences for their support of my work in 
mmission, their constructive comments and interest in the published “Notes 
chnology and Science Education in the Development of the South”, and for 
Third General Conference of the Third World Academy of Sciences and the 
eral Meeting of the Third World Academy of Scientific Organizations, held 
1990, 

y fellow Commissioners, Augustin Papic, with whom I began an enduring 
ng collaboration in the South Commission, deserves credit for encouraging 
his extension through his continual persistence and in actually rewriting 
¢ book himself. 


374 Science for Peace and Progress 


The issues covered in this book were partly dealt with in an int 
conference “The Essential Role of Science in Technological Prog 
Economic Development.” The conference was convened by myself 
Emmerij, Director of the OECD Development Centre, Paris, at the A 
Guesthouse of the ICTP, Trieste, Italy, from April 22-24, 1992. 


IL Science and Technology — A Shared Heritage of Mankind 
IL.1 Science and Technology are Cyclical 


The first thing to realize about the S&T gap between the South and: th 
is that it is of relatively recent origin. In respect of sciences, George Sa 


his monumental History of Science, chose to divide this story of achievem 
Ages, each Age lasting half a century. With each half-century, he associ 
central figure, Thus the years 450-400 BC Sarton calls the Age of Plato 
followed by the half-century of Aristotle, of Euclid, of Archimedes, anc 
These were scientists from the Greek Commonwealth consisting (in’ addi 
the Greeks) of Egyptians, Southern Italians and ancestors of modern: Tor 
Syrians. 
From 600 AD to 650 AD in Sarton’s account is the Chinese half: cen 
Hstian-tsang. From 650 to 700 AD is the age of I-Ching and of the 
mathematician, Brahmagupta, followed by the Ages of Jabir, Khwariz 
Razi, Masudi, Wafa, Biruni, and then Omar Khayyam — Chinese, Hindt 
Persians, Turks and Afghans — an unbroken Third World succession 
hundred years. After the year 1100, the first western names begin t 
Gerard of Cremona, Roger Bacon, and others — but the honors are sh 
another two hundred and fifty years with the Third World men of science lik 
Rushd, Naseer-ud-din Tusi, Musa ibn Maimun and Sultan Ulugh Beg. ~~. 
The same story repeats itself in technology. In China, the Chine 
invented the technology of printing on paper, gunpowder and the’ 
compass. In the Middle East, till around 1450, the Turks captured Constan 
because of their mastery of superior discipline and cannonade. No Sarton. 
chronicled the history of medical and technological creativity in Afric; 
example of early iron-smelting in Central Africa 2,500 years ago,’ nor of the 
Spanish Mayas and Aztecs — with their independent invention of the zero 
the calendars, of the moon and Venus, as well as of their diverse pharmacolo 
discoveries, including quinine. But one may be sure, it is a story. ol 
achievement in manufacturing technologies and applied sciences. 
From around 1450, however, the Third Worid began to lose out, exc 
the occasional flash of individual brilliant scientific and technological ° 


3 George Sarton, 1927. Introduction to the History of Science, 5 volumes. washings 
DC: Carnegie Institute, reprinted 1962. 
* Scientific American, June 1988. 


Life and Work of Abdus Salam ~ 875 


y because of the lack of tolerant attitudes towards the creation of 
and of technology. “It is good to recall that three centuries ago, around 
sar 1660, two of the greatest monuments of modern history were erected, 

he North and one in the South; St. Paul’s Cathedral in London and the Taj 
in Agra. Between them, the two symbolize perhaps better than words can 
the comparative level of architectural technology, the comparative level 
‘smanship and the comparative level of affluence and sophistication the 
res had attained at that epoch of history. But about the same time, there 
also created — and this time only in the Northwest — a third monument, a 
nt still greater in its eventual import for humanity. This was Newton’s 
ia, published in 1687. Newton’s work had no counterpart in the India of 
ughals.”” It was not reported on by Jesuit priests who had been 
Sioned by one of the successors of Shadyan, the creator of the ‘Taj Mahal 
to bring back from Europe whatever was new and exciting in astronomy. 


d that brings us to the present times when the cycle begun by Michael the 
went from his native glens in Scotland, around the year 1220 AD, south 
do‘ and then to Sicily in order to acquire knowledge of the works of Razi 
‘enna — and even of Aristotle (the only available translations then being 
c) — turns full cycle -- and it is we in the developing world who must turn 
rds for sciences. 
“revolutionary science of the Renaissance distinguished four major 
of advance in its development. The first, centered in Italy, produced the 
‘of mechanics, anatomy, and astronomy with Leonardo, Vesalius, and 
iicus, destroying the authority of the Ancients in their central doctrines of 
he world. The second, spreading to the Low Countries, France, and 
beginning with Bacon, Galileo, and Descartes, and ending in Newton, 
out a new mathematical-mechanical model of the world. After an 
e third transformation, centered in industrial Britain and revolutionary 
‘ned up to science areas of experience, such as that of electricity, 
by the Greeks. It was then that science was able to help in a decisive 
with power, machinery, and chemicals, to transform production and 
ort..The fourth and greatest of all in extent and effect is the scientific 
‘ of our own time. We are witnessing the beginning of a world science, 
ming old and creating new industries, permeating every aspect of human 
“is now also, during this period of transition, that we find science directly © 
n the violent and terrible drama of wars and social revolution.° 


1989. Ideals and Realities, 3rd edition. Singapore: World Scientific 
0., pp. 5-6. 
mal: 1986. Science in History, Vol. 1. Cambridge, Massachusetts: MIT Press. 
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Science and technology are cyclical. They are a shared heritag 
mankind. Northeast and northwest, southeast and southwest have all parti 
in their creation and application in the past, the joint endeavor in 
becoming one of the unifying forces among the diverse peoples on this glo 

There is no guarantee that the Northwest will always have a monop 
S&T. There are already indications that China, some East European and 
countries, India and Brazil, because of their superior qualities, may acq 


they wish to. 


IL.2 Benefits, but also Risks, for Mankind 


A. The double-edged sword 

S&T have brought great benefits to mankind, but they contain risks 
why V. Weisskopf called technology the double-edged sword. Weisskop 
on the positive and negative side of technology. On the positive side cc 
counted achievements in economic growth and its components, social:b 
many achievements in food supply including the green revolution, 1 
sciences, humanization of the capitalistic industrial system gored 
want, illness and oppressive manual work), 


B. The quality of human life 
People’s living conditions, such as food supply, health, education 
literacy and life expectancy have improved in part through S&T. 
a) The green revolution contributed to a considerable improvement: i 
calorie supply, which grew in the two decades between 1965 and 198: 
percentage of requirements) in the cases of: 
@ all developing countries from ninety to one hundred and seven, bu 
Saharan Africa declined from ninety-two to ninety-one; 

® industrial countries registered an increase from one hundred nd 

- four to one hundred and thirty-two, the world average growing fro 
hundred to one hundred ane thirteen,’ 


Owing to the green sveition in the first part of the 1980s, the worlc 
with a surplus of food but still, due to inequalities and other econ 
deficiencies in this field, a great number of men, women and c 
particularly in the South, were not receiving enough calories in order to s 
an active life. So food security remains at the head of the agenda for man! 
particularly in such regions as sub-Saharan Africa. 

In the field of food and agriculture, we have faced two challenges: one i 
risk to the human environment due to the negative implications of arti 
fertilizers and pesticides. Thus the ascendancy of studies and trends for chemi 


7 UNDP. 1991, Human Development Report 199]. London: Oxford University Pre 
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ning. Recently a decision was announced to ban the use of fifty-seven 
d pesticides in Indonesia rice fields. 

ther challenge is the fact that the impact of the green revolution on 
tural advancement has almost run its course, particularly in Asia and 
Increasing concerns have been expressed about coming food shortages 
ng. from the fact that success in food production has come about at the 
sé of soil and water resources, falling water tables, declining cultivated 
eas, lower yields and, in particular, prospects for climatic changes due to 
use gases. New technologies are now required (though according to 
e face a dwindling backlog of technology), and opportunities have been 
ed for the second green revolution. 

Food and health improvements contributed to an increase in life 
ney: in thirty years (1960 to 1990) for all developing countries, on 
from 46.2 to 62.8 years, while sub-Saharan Africa, though improved, 
til! behind that average (51.8 years in 1990). Life expectancy in the 
al countries grew from sixty-nine to seventy-four in the above period. 0 
etween 1970 and 1990, the adult literacy rate improved in all developing 
regions, with an average from 46% to 64%. 

fowever, because of social and economic inequalities and deficiencies of 
nal economic relations, the above achievements are not shared by all 
rexty dominates in a large part of the South. The number of extremely 
1985 amounted to 1,740 million, and 54% of the population in the South 
w the poverty line. In sub-Saharan Africa, that percentage was 771%." 
rty was a source of many other shortcomings the South was suffering. 
dation of the human environment has been one of them, since poverty 
eople to an over-exploitation of natural resources. 

The improvement in social and human conditions pushed the population 
‘up. Between 1960 and 1990 (in thirty years), the population of the South 
by 97%, from 2,070 to 4,070 million, while that of the industrialized 
grew only by 27%. Because of the above trends, the share of the South 


Nations. 1990. 24 Development Forum. New York: UN Department for Public 
tion: (September/October). 

orld Watch Institute. State of the World 1988, Washington DC: Worldwatch 
juoted Lester Brown, President of the Institute: “World food prospects: bad 
e”, International Herald Tribune, July 4, 1988. On the second green 

on, see Nadir-Azam Ali, Beyond the Green Revolution in Pakistan, Appendix 


252. On the subject of food security in the South, may I call attention to the 


icultural development and food security” presented in Challenge to the 

rt of the South Commission, Oxford University Press, 1990, pp. 83-91. 

190 and 1992. Human Development Report, 1990 and 1992. London: Oxford 
Press. 

sank, 1990. World Development Report 1990. London: Oxford University 
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in the world population increased from 68.5% in 1960 to more than. 
quarters (77%). S 

We are confronted with a population explosion in the immediate: 
(6,250 million in the year 2000).’* That would put great pressure on all’ 
resources, pushing migration and population movements from poor t 
countries, etc. Science has invented the means for control of population 
(contraceptive pill) but that control depends greatly on political and 
thinking, particularly religious conditions in countries, which frequently li 
effect of the control. [...] 


C. S&T source of risks and damages e 

Weisskopf emphasized that during the last twenty years the. v. 
underlying development of S&T have frequently been called into questio: 
was the case particularly in the 1980s, when a succession of high-tech di: 
were registered and received great publicity.“* 

Scientists have been well aware of the risks and hazards as a negativ 
their discoveries, and they normally make efforts to minimize and, if possibl 
eliminate these. However, as experience has demonstrated, in many 
politicians and economists ignore the advice of scientists in order to sa 
or to build up projects quickly. In the case of the Chernobyl disaster, it was 
that “before Chernobyl, people who were responsible for the devel 
nuclear energy said that economic reasons were more important than ‘sci 
ones”.’° Similarly, the decision-makers in business neglect, and som 
ignore, the position and advice of scientists because they are motivated by 
profit. 


VIl. Transfer of Technology 


VIL Domestic R&D and Imports of Foreign Technology 
No country can opt for creation and diffusion of domestically prod 
technology without the import and diffusion of a foreign one. At the same 


UNDP. 1990 and 1992, Human Development Report, 1990 and 1992. London 
Oxford University Press. wos 
8 Victor F. Weisskopf. 1989. The Privilege of being a Physicist. New York: W.M 
Freeman and Company. 

ai Chernobyl nuclear power plant catastrophe; Union Carbide’s Bhopal pesticides: 
tragedy; the Sandoz and Ciba-Geigy Rhine River chemical spills; the radiation disa: 
the medical clinic in Goiania, Brazil; the Asland Oil tank collapse near Pittsburgh: Se 
The Hard Technology Path — A Brief History of the March of Progress of New. 
Technologies. Development Dialogue: The Law of Life, Vols. 1-2, 1988. 
B vi Ossipyan, USSR, at the forum on “Science and Government”, held in Decemb« 
1989, at the Weizmann Institute of Science in Israel. Quoted in New Scientist, Mar 
1990. 
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fficient transfer of foreign technology’® and thus stable technological 
lopment cannot be productive unless accompanied by a reasonably high 
of domestic R&D. 

characteristics of importing technology should be taken into 
ideration when defining R&D priorities, while the capability in the latter 
hould influence the import of technology. To rely only on domestically 
ed technology is not rational or feasible, while to concentrate mainly on 
and diffusion of foreign technology leads to technological dependence. 
efore, an adequate balance between them, both on a sectoral and global 
, Should be achieved, taking into account specific conditions of individual 
S. 

“recent OECD study’ dealt with the above aspects of technological 
Idpment of OECD countries coming to the data on relationship between 
technological balance of payments (TBP) and imports of high technology 
ts as presented in the Table on the following page. 


ithout entering into details, a few points can be emphasized: 

The unique position of the USA as the country with a very high share 
“of R&D and a low share of imports of high-tech products. 

In other major ICs like Germany, Japan and the UK, imports of high- 
ech products amounted to around half the investment in technological 
‘development. Surprisingly, Greece belongs to this group. 

Spain, whose situation is considered separately in the source 
ublication mentioned in the Table, showed a very unbalanced situation, 
where too many sources have been devoted to importing foreign 
echnology (high TBP payments and high imports of high technology 
products) with rather low R&D share. The case of Spain may also apply 
o many less ICs, though data are not available. 

. The position of Portugal is worse, particularly with regard to R&D 
achievements and very high percentage of import of high-tech products. It 
s for this reason still closer to the smaller DCs, 


ver, it is a one-sided approach if the transfer of science is omitted, which 

% transfer of technology. This transfer is very different from that of 

logy: It is freer, through scientific literature, participation in foreign or 

1 research activities, universities, various scientific meetings, etc. 

ter-relation between R&D and technology imports. The situation in some OECD 
‘STI Review (OECD), April 9, 1992. 
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Selected investments for Technological Development (%). 


R&D* TBP Imports of 
Payments 
France (1985) 47.2 43 
(1986) 50.6 4.2 
Germany (1985) 43.1 3.1 
(1986) 43.1 3.5 
Greece (1985) 50.5 3.6 
(1986) 47.9 3.7 
Italy (1985) 42.0 48 
(1986) 44.0 4.6 
Japan (1985) 48.2 1.6 
(1986) 49.4 1.4 
Netherlands (1985) =. 28.6 75 
(1986) 30.0 7.2 
Portugal (1985) 11.24 5.6 
(1986) 17.6 5.0 
Spain (1985) 28.6 19.9 
(1986) 32.8 18.1 
United Kingdom (1985) 450 ° 3.0 
(1986) 45.3 3.1 
United States (1985) 70.5 4.0 
(1986) 69.4 4.2 


Key. a) OECD. Gross domestic expenditures on R&D. Main Science and Technol 
Indicators, 1982-88. b) OECD. Trade Statistics, 1974-86. c) 1985 data. D) 1984 
Source: The interpretation between R&D and technology imports, The situation in 
OECD countries, STI Review, April 9, 1992. 


VIL.2 Imported and Domestic S&T Capabilities 

Besides data presented in the section above, an additional justification for 
role of transfer of technology could be found in the cases of most successful I 
in their scientific and technological development. As illustrated in the followi 
Annexed Table VIL.2A, DCs of Asia, otherwise successful in domestic scientifi 
and technological development, became a major importer of capital goods: an 
foreign direct investment, which implies imports of foreign technology. At th 
same time, the share of developing America increased very modestly, whilé 
share of developing Africa in the case of capital goods decreased but increa: 
foreign direct investment. 

We can see that inflow — imports of capital goods of Asia ~— increased. froi 
49.6% to 61.9% of that of all DCs. At the same time these countries were ab] 
increase their share of export of capital goods of all DCs due to strengthenin; 
domestic scientific and technological capabilities, from 15.8% in 1980 to 50% 
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‘Also, the share of these countries in foreign direct investment of all DCs 
eased from 18.2% to 53.1%. 

The case of China is very illustrative, its imports of foreign capital goods, 
uding technology, tripling in nine years (between 1980-89). The case is 
r for foreign direct investment which, in the above period, increased thirty- 
times, that is from 0.1 to 3.4 billion dollars. 

All the above indicates that countries with adequate educational, scientific 
technological bases, were most successful in imports of foreign technology, 
orption and utilization, thus strengthening their scientific and technological 
pacity, which was illustrated by the considerably high export of capital goods 
crease in foreign direct investment. [...] 


3 Accelerated Pace of Technological Change — Impact on Transfer 


. The pace of technological change has accelerated rapidly in the last two 
ades. Led by major {Cs and transnational corporations, it contributed to the 
ing gap with the South. This relates not only to the field of technology, but 
o the overall position in the world economy, eroding their competitive 
due to cuts in the consumption of raw materials (natural first of all), 
line in their prices, and the decline in the role of the labor force — as factors of 
ction abundant in many countries of the South. 


B. The above development made transfer of technology, first of all science- 
ed high technology, which is knowledge-intensive and research-intensive, 
he rate of technological obsolescence tending to be very high, desirable but 
mplex for the DCs. The growing costs of R&D and the desire to protect 
ovations from imitation, the interest to maximize gains from the exploitation 
w technologies induced intellectual property-rights protection through 
negotiations, mergers, joint ventures and various types of strategic 
hnical alliances. The above relates basically to three technological fields: 
onics and informatics, biotechnology and genetics, and new materials. 
here have been trends towards increasing privatization, transnationalization 
ttengthening of technological monopolies. In the 1990s trends are expected 
t-hinder access and increase the costs of new technologies, through royalty 
ments on know-how, patents, higher licensing payments in patent-intensive 
ies. The above relates especially to the sectors of pharmaceuticals, 
icals, semiconductors and computer industries."® [...] 


entre on TNC, 1990. Transnational Corporations and the Transfer of New and 
ng Technologies to Developing Countries. New York: United Nations. 
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VILS Risks of DCs in the Choice of Imported Technology 


A. The essential factor of sustainable growth and efficient industrializati 
technological dynamism, which can be defined as the ability of a countt 
absorb and efficiently deploy new technologies, adapt them to local con 
improve and disseminate them, and ultimately create new knowledge, inc 
their own scientific and technological base. 

The final aim of all of the above, the absorption of technologies coul 
broadly measured by the capacity to employ new processes, to prods 
goods and services, in a more efficient way than before. 

B. As a precondition to the above, including the transfer of technolog 
success cases indicate the availability of domestic educational basis, hu 
resources, and at least initial steps in the domestic scientific foundations, ré 
institutions, enterprises capabilities and incentives. The importance of the | 
can be best illustrated by the cases of DCs of East Asia and failure of mam: 
DCs, including countries of Eastern Europe. 

C. However, there is risk in choice of capital goods, machine 
equipment, that suits best the needs of the importing country. Many failure: 
registered in this respect. That is especially true in the case of turn key proj 
where complete factories are bought from abroad, assembled and pw 
operation. That type of arrangement is made by countries of the South w 
experience and ability to build by themselves such factories, and especially 
case of newly-developed technologies. All is made by consulting and engine 
firms from abroad, closely connected with the exporters of capital:’ 
securing the profits for all foreign partners, while imposing not rarely failure: 
the DCs concerned. Among many cases, the example of Togo can be take 
illustration of a country being raped by foreign interest through the. us 
unsuitable technologies.” 

Other problems include financing and pricing of imported capital g 
which are used by the exporter for additional profits. 

D. Foreign direct investment (FDI) though much lesser volume than ca 
goods imports, in their financial scheme include technology tran 
Management, marketing. Here the importing DCs are exposed to much hig! 
risks since the foreign partner has a more decisive role in the cho 
technology, its pricing, financing and export/import, which normally foll 
such arrangements. 

The transfer pricing is a widely applied form of the exploitation by forei 
direct investment (FDI). Since the FD] mostly include mutual deliveries of g 


" The case of Togo, which was a victim of unscrupulous foreign investors: over- : 
optimistic market “studies”, no competitive bidding in the case of Togo’s plastic ind 
a corrugated-iron roof factory and a steel mill, which were all failures. (IFDA Dossie 
71, May/June 1989,) 
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ervices, higher prices are charged to the deliveries from foreign investors to i. 
artners in the DCs, and lower prices for the purchases from the latter — all 
ared to competitive world prices.” 
this means losses of income and profit for the partners in the host 
fries, mainly developing, but as published recently, also in the USA. at | | 
oreign direct investor, particularly transnational corporations used to . 
. various limitations on their partners in the recipient countries. For fe 
le, limitations in the production of components of products by their 
ers in DCs;” limitation on export of goods or services to markets of interest a 
eign partners; limitation of cooperation of affiliate or joint venture with 
omestic producer in recipient countries in order to hold market monopoly. 
Acquisition of licenses and patents is the easiest way to buy intellectual 
etty rights for the technologies available at the international market. Many 
€ flooded with foreign licenses or patents (even for the same technology). 
f them are ever applied, since this is the most complicated way of 
cing new technologies into production of goods and services. 


icing by large pharmaceutical firms on components delivered to Latin American 
s moved between 33% and 313.8%. In the case of electrical goods it rose from 
to’ 81.1%. See: UNCTAD: Dominant Position of Market Power of Transnational 
‘ation, 1978. 
e export side from Latin America, lower prices were paid by their foreign 
amounting to an outflow of resources of US $427.5 million of 40% on average. 
ergsten: An analysis of US foreign direct investment policy and economic 
yment. Aid Discussion Paper, No. 36, November 1976. 
inderpricing of timber occurs in the Pacific island countries through a method of 
surement, or by misdirection of species or grades. In two African countries, the 
i pricing is made in the context of the processing, smelting and refining of mining 
The problem lay in the level of fees charged for the tolling operation, and the 
icome tax paid by foreign companies, which depends on that price. See UN 
ion on Transnational Corporations: Transnational Corporations in World 
pment, New York, 1988. 
stimated in the USA that foreign-based companies sold goods in 1986 worth US 
illion but claimed to have net losses of US $1.5 billion. This is the result of abuses 
cross-border transfer pricing by foreign companies which represented a tax loss 
SA of between US $20 and US $30 billion. Even US multinationals were 
squirreling profits away to their foreign affiliates, amounting to an additional 
on in lost taxes on profits. See: Newsweek, April 15, 1991. 
be illustrated by the attitude of Japanese investors in Indonesia. “Tokyo is 
ost important trading partner, biggest investor and most generous aid donor. 
onesia, Toyota has allowed the local company P.T. Astra International Inc. to 
only a few automotive components; for the most part it’s an assembly-line 
putting together parts from Japanese kits.” See: Newsweek, October 14, 1991. 
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VIL6 Appropriateness of Transferred Technology 

Perhaps it is worthwhile quoting here the discussion at a seminar on tt 
of technology held in Kuala Lumpur.” The general consensus at the wor! 
was that most of the transferred technology was inappropriate. In most 
R&D is located in the home countries of TNCs (Transnational Corporation: 
not enough technology is transferred. In addition, TNCs do not: 
appropriate training programs in host countries, which would allow th 
benefit from this transfer. However, TNCs are in a position to play a usefi 
through adaptation of their technology to developing-country condition. 
can incorporate training programs appropriate to the conditions of th 
country into their activities. In addition, they could be required to in 
minimum of local content in their production activities or to take into accou 
demands dictated by “choice of product” rather than only those prescribe 
logic of “choice of techniques”. 


Finally, let me mention the Resolution “Transfer and Developmen 
Technology” adopted at the thirty-eighth session of the Trade and Develo 
Board of UNCTAD, held in Geneva, April 22-30, 1991, quoting one 

several paragraphs: “Calls upon governments to adopt measures, inc. 
intellectual property rights protection and technical cooperation, to” in 
technology flows to DCs and facilitate their access to technology, in partic 
those new and advanced technologies of critical importance fe 
development, with a view to reducing the existing technological gap be 
industrialized and DCs; recognizes that in this regard states, as an asp 
national sovereignty, will take into account their public interest and develo 
Objectives and further recognizes that export restrictions can mnie tec 
flow.” 


XI. A Blueprint for S&T for the Developing World 


XIII Science and Technology Policies for Developing Countries 
If one were charged with running S&T in a typical developing coun 
modest size, one would, in the first place: 
e Make sure that the high- level scientists and technologists in any 
country know exactly what is expected of them. Their work for developr 


3 Patric A, Muma. TNCs and economic development. An article based on the discuss 
at the seminar on Transnational Corporations and Economic Development, Janu y 
29, 1988, University of Malaysia in Kuala Lumpur, held for participants from diffe 
ESCAP countries. The seminar was organized by the UN Centre on TNC. See: The. 
Reporter, 31, Spring 1991. 
* Report of the Committee on Transfer of Technology on its Eighth Session, April 

1991, New York. 
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uld be looked after by the highest possible authorities in the land — if possible, 
rulers themselves. (Every country has a set of Merlins within their 
ific communities capable of working, or at least supervising miracles. 
ver small their numbers may be, these men and women must have their 
é built up. They must get the scientific infrastructure plus the equipment 
international contacts they need to carry through their work. Reciprocally, 
lave to be told that they cannot afford to live in their ivory towers, that they 
ake themselves available to the developing public and that society will 
returns from them.) 

“Carry through the recommendations in respect of general science 
on, in particular at secondary level. 

Build up at the same time expertise in classical low technologies 
asizing craftsmanship and fabrication. 

One would import some of the technologies from abroad, taking care, 
, that every importation is supplemented by indigenous training. 

Build up as a matter of priority comprehensive technological information 


One would commission and blue-print a comprehensive plan for applied 
‘and for high technology. What one develops first, depends upon a 
priorities and could be in one or more of the following areas; agriculture 
ular, the promise of discovering and utilizing newer species of plants),”” 
ck; health, population, energy, local materials and minerals, environment, 
sciences and seismology, atmosphere and oceans, biotechnology, informatics 
electronics and microphotonics) plus new materials. 


‘néw orientation of Third World agricultural activities is needed. Up to now, 
ulture has been dependent on very few crops that have been developed by the 
dd: societies. The same applies to the agricultural systems. As an example one 
smember that in the tropics, there are more than three thousand species of which 
re actually used and nothing is even known about their potentialitics for food 


nezuela in the tropical arid regions, it has been found that the pods of a native 

‘Prosopis juliflora) contain around 18% protein and some experiments have 
is flour or meal can be added to bread or cookies, thus obtaining a protein 

roduct from a tree that up to now has not been thought of in this context. 

es on Aloe vera (a plant used in medical industries) have, for example, shown 

ws much better under the shade of trees than in the open and thus the 

nation of Prosopis and Aloe as a field system will yield a much better productivity 

lanting of traditional crops under water limiting conditions. Just by planting 

or bean under the shade of trees, around 30-40% of the water needed for 

iis saved. 

¢ is the urgent need for research to be oriented to find out what should be used 

‘thousands of species of both plants and animals in the tropics” 

~ Miriam Diaz, CIEZA, Venezuela 
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e One would build up scientific and technological research wi 
universities. For this purpose, one would institute training pr 
(within the country and abroad), for cadres of scientists and techni 
So as to assure critical sizes of local communities. : 


XII. 2 Expenditures on Basic and Applied Sciences and on 

Low and High Technology 

On basic plus applied sciences plus science-based high technology. 
would need to spend a minimum of 4% plus 4% plus 8% = 16%: 0 
educational budget respectively.” ae 

What shouid be spent on training, development and research in the cla: 
low technology area? The short answer is as much as one may afford. 

One minimal figure, which has been suggested is worth repeatin 
UNESCO’s famous 1% of GNP for all sciences (“basic” and “applied”) ph 
technology (classical as well as high). On the average basis of 4% of GNP 


spent on education by the South (with 16% of this for science an 
technology), this roughly works out at 1/6:1/6:1/3:1/3 of 1% of GNP for: 
and “applied” sciences versus classical low technology versus high techno 


XII. 3 Initial Training 

Where would one get the necessary initial training? Clearly, here, one 
have to rely on the universities and the institutes in the North (or on South 
collaborative programs) or on the United Nations centers for providl 
training facilities. 

A. Training in basic sciences. For basic sciences, there are ICTP, IC 
and ICS, for physics, genetic engineering and biotechnology, chemis 
environment, high technology, new materials, run by the IAEA, UNESCO 
UNIDO, or else the International Centre for Insect Physiology and” E 
(ICIPE) in Kenya. 

B. Training in applied sciences. For applied sciences — for e: 
agriculture -- one would think of international centers comprising the | 
Network, with enhanced training components. There are three centers devot 
research on tropical agriculture (in Colombia, India and Nigeria, a fo 
Syria) concentrating on agriculture in arid zones, a fifth (in the Philippine 
cross-breeding of rice, and three on genetic improvement of cattle (in E 


° Annexed Table V.5A [see p. 187 in the Salam book] shows the desirable mini 
be spent on science and science-based high technology as 15% rather than 16% 
educational budgets. This has been done deliberately in order to make it possible 
through the program of S&T enhancement in five years with 3% increase 
educational budget every year. I strongly believe that a uniform 3% increase per ' 
the next five years in the educational expenditures will not break these co 


finances. 
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and the Ivory Coast), plus the Internationa) Center for the Potato (in Peru). 
ition, there is the Centre (in Rome) for the conservation of genetic 
irces, one (in Holland) for the fostering of rural agricultural cooperation, a 
n Washington DC for the study of nutrition, and, finally, the world- 
; Wheat Institute (CIMMYT) in Mexico. 

is group of thirteen institutes commands a total of US $250 million 
ed from donor countries by the Word Bank. Hope and expectation is also 
the twenty centers for research and training in science, high technology 
e earth’s environment — particularly in Africa — needing a similar measure 
ing by the World Bank and other donor governments. (It is important to 
hat the CGIAR institutes, emphasizing inputs of pesticides, insecticides 
ilizers, represent the discipline of chemistry, which, in this sense, is a 
science. Once physics and high technology are emphasized also by the 
ank ~— in the proposed network — one will be moving on to sciences that 
th-producing. It is this type of altered perception of the Third World that 
perately need. 


4 Special Points for Consideration 

are a number of special points, which should be remembered in 
ction with the application of S&T to development: 

One must remember what was said regarding the long-term nature of 
applied to development. We are not likely to see the benefits for a long 
year 2000 would be a good year to aim at if we start today. 

Wé have stressed the necessity for saving on armaments and defense 
es, at least for the South — 10% of the present defense budgets — and 
ng the funds thus saved for enhancement of S&T. 


s book, I have pleaded that political action is needed both by the South 
North, in order to. build up the morale and to utilize the so-far neglected 
y of the South’s own scientists and technologists. Their numbers need 
ultiplied so that they come to constitute a critical size; they have to be 
per recognition, provided with scientific litérature and comprehensive 
ical information as well as the requisite infrastructure for research and 
ent plus the international contacts, principally by those who run our 
This community of scientists and technologists may be ill-prepared at 
‘taking on the developmental role but with careful nurturing and 
they surely have the capability of transforming the South. As their 
have done in the North.” 


ni wondering why Europe should be uniformly good at S&T. Even a country 
known for scientific achievement as Bulgaria can produce first-class 
cians and theoretical physicists if it puts its mind to it. (This is evidenced by 
ian scientists who come to the ICTP). It seems to me the answer lies in aro one 
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There is no question but that our present world is a creation o 
science in application. We tend to forget that it was the science of phj 
application, which brought about the modern communications revoluti 
gave a real meaning to the concept of One World and its mutual interdepend 
We tend to forget that it was the science of medicine, which brought ab 
penicillin revolution, leading to the present level of world population. W: 
forget that it were the sciences of chemistry and genetics in applicatio 
brought about the fertilizers and the green revolutions, to feed part 
population. And we tend to forget that it is to these same sciences — th 
producing sciences of physics and geophysics, together with the. | 
sciences of medicine, molecular biology, cell culture and chemistry ~ to 
the Third World has to turn (and is turning) for resolution of some of i 
problems. 


Judging from the actual versus desirable levels of sihicatioual ani 


expenditures, it is clear that while Latin American as well as the Confuci: 
and other Asian countries are indeed taking steps to enhance their scienti 
technological communities, the African, the Arab, and the Islamic cou 
and large have a long leeway to make up. There appears scant future for | 
these societies at present, particularly if the tryst with the year 2000 is to. be 


must treat all of Europe as a single cultural entity. If one member of the cultural en 
good in sciences, it seems that all members of the same cultural unit can be, if th 
courage from the example, provided, of course, society supports their work fina 
This is clearly the case in Bulgaria with its present 3% expenditure on S&T. 

If this be a social law, then it would seem to me important that at least one me 
the African or Arab or Islamic culture communities should make every effort to 
first-class expertise in at least one of the sciences. This will then break the psych 
barrier and all members of such communities should be able to produce great scie 
they set their minds to it. In this context, it is important that the advanced and the 
advanced members of the same cultural community freely cooperate with each oth 
build up true commonwealths of science. (Detailed plans for such societies ha 
suggested, particularly on pp. 307-323 in Ideals and Realities, 3rd edition: ij 
Scientific Publishing Co., Singapore, 1989.) 
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‘ation for Development 
Third World 


ye always been convinced that science is a heritage of mankind and that, 
he great developments of science have taken place in Europe and in the 
rld in these Jast centuries, there are no reasons why the poorer countries 
orld should not contribute to its progress nor benefit from its fruits. In my 
ings, J have realized the importance of the value of partnership and of 
“at all stages of my endeavors. Men of great talent — scientists, 
trators, international servants, government officials and"heads of state — 
sd me in setting up several institutions in Trieste, the Italian city where 
t of the time, and in developing a world network of individuals and 
$ who share our common ideal. In this article, I shall illustrate the base 
s now called the value of partnership in the scientific enterprise as I have 


nce has flourished at different periods of human history in various parts 
obe, first in Ancient Greece (including Egypt, southern Italy, Turkey and 
ind later in China, India, Persia, Arabia, Turkey and Afghanistan until 
D, when Europe started to appear on the scientific scene. It was only after 
that the countries, which are now called Third World, started losing ground 
pect to Europe. 

owadays, science is carried out mainly in the Western World and in Japan. 
ctice of science has become expensive, particularly what is called “Big 
for example the study of the ultimate structure of matter, which is 
din large particle accelerators like those in the USA or at the European 
ation for Nuclear Research (CERN) in Geneva, or the study of space. 
uch enterprises are so high that single countries cannot undertake these 
ne. They must pool their funds, their scientists and their technological 
Equipment in less spectacular fields of science can also be expensive. 
cé; high-pressure equipment for catalysis studies in chemistry can be 
eral million dollars, not to speak of the cost of fast computers needed 
forecasting and for climatology research. Spectacular progress has 
in the West because of the economic affluence, which followed its 
'y in technology, in manufacturing and managerial organization, and of 


nted from World Science Report, UNESCO, March 11, 1994. 
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the political will of governments to support either Big Science in a coo 
fashion with other nations, or domestic research in the universitie 
specialized institutions. It should also be noted that although progress in 
may be achieved through breakthroughs by towering individuals, advan 
research are also due to collaborative work by teams which may be made yy 
many as dozens or even hundreds of scientists. 

Science is also a question of numbers. The number of scientists enga 
scientific research has increased considerably since the end of the Secon 
War. In 1990, according to UNESCO statistics, the industrialized ‘co 
counted 3,600 scientists and engineers engaged in research and in researc 
development per million population, with Japan and Israel leading witl 
On the other hand, the scientific panorama in the developing countries is 
different from the quantitative viewpoint. As a whole, the Third World ca 
muster approximately two hundred scientists and engineers per’ n 
population. The gap between North and South is as abyssal from this pe 
view as it is from the economic and quality of life side. 

Besides the large countries like India, Brazil, Argentina and a fow 01 
country has a sufficient number of scientists to reach a “critical mass” tha 
say the number of researchers who through their work, and their interacti 
colleagues from within their own country or from elsewhere, would: 
position to produce significant results on a continuing basis. 

In the colonial era, the scientific base of what is now called the dey 
world was non-existent, except for a few notable individuals like B 
Raman in India. When most of these countries became independent in th 
they had to start building their higher education and research practically 
scratch. 


It was precisely in those days that I began to ponder over the present and 
future of science in my own country and in other developing nations. 
back to my native Pakistan in 1951 after taking my Ph.D. in theoretical phy 
Cambridge and after a research period at the Princeton Institute for Adv 
Studies, I began to teach at the Government College, Lahore. In this posi 
found myself desperately isolated. As the only theoretical physicist 
country, I had no one in my vicinity to talk to, to discuss or to share ideas 
The academic climate was not stimulating at all. After three years, I realize 
staying any longer would not make sense; my work would deteriorate 
heaviest of my achievements in physics would go to waste and I would be 
use to my country. I reluctantly decided to return to Cambridge, joining thi cl 
of the many Asians and Latin Americans who before me had chosen to migra 
the more stimulating research institutions of the North. 1 sailed back to Ei 
with the determination to invent something that I could present to the me. 
women of the developing countries who were faced with the dilemma of 
staying in their home country and dying professionally or migrating to the N 
and remaining competitive scientifically. From those days onward, my w 
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became divided into two parts: one for research and one to think of 
6 combat the brain drain and to help scientists from the developing South 
= full measure of their talent- From Cambridge, I moved to Imperial 
ege in London, where the Department of Theoretical Physics was founded in 


iring all this time, I dreamed of a place where theoreticians from both the 
loping and the industrialized countries could work together, in a stimulating 
ment for research, with a good library and, for those who need them, 
computing facilities. This dream started to materialize in 1960 when, as the 
entative of the Government of Pakistan at the General Conference of the 
ational Atomic Energy Agency (IAEA) in Vienna, I proposed the creation 
International Centre for Theoretical Physics (CTP). This was a first step 
; a large movement of partnership between organizations, governments 
dividuals. After the International Centre for Theoretical Physics, my efforts 
geared towards the creation of the Third World Academy of Sciences 
), the Third World Network of Scientific Organization (TWNSO) and the 
ational Centre for Science and High Technology (ICS). The setting up of 
ational Centre of Genetic Engineering and Biotechnology with seats in 
and Delhi, in 1983, was also inspired by and large by the ICTP model. 
eating a center, as I envisioned it, was, for the IAEA, quite an unusual 
sition in those days. While the proposal was enthusiastically supported by 
eveloping countries, it met with the indifference of the industrialized 
- with the exception of the then USSR, Denmark and Italy. A 
ifiary study was made by eminent physicists and, following their 
lendation, an international seminar on theoretical physics was held in the 
er of 1962 in an outbuilding of the Miramare Castle in Trieste. This 
ac proved to be a successful testing ground for the new center, Finally, after 
il debates at the IAEA Board of Governors and General Conference, the 
set up in a provisional seat in Trieste, Italy, with an annual budget of 
100,000 provided by the Italian Government, US $55,000 by the LAEA and 
00 by UNESCO. 

ffers to host the ICTP had been received from several countries, but the 
“submitted by the Italian Government and the local Trieste authorities 
ar the most attractive. It included, in addition to a contribution toward 
oning of the Centre, the provision of a new building (which was made 
in 1968) and a first collection of scientific books and journals for the 
water, the Italian authorities were to provide a guest house for one 
yeople (1983) and for the doubling of the capacity of the first building in’ 
A third building, which will host all services of the ICTP, and also 
de y the Italian Government, is presently under construction in the 


ICTP took off rapidly as a multidisciplinary research center of 
nce. Outstanding results in high-energy physics and in plasma physics 
blished during the very first month of existence of the new center. 
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Eminent physicists from the advanced countries were lured by the pro 
working in a place where they could discuss with colleagues from th 
World, share their experience and help those who need their advice. In 
Coid War days, theoreticians from the Soviet Union worked togethe 
specialists from the USA and Western Europe for about two years, in plasm: 
fusion physics — a field, which had for a long time been classified. The sci 
reputation of the ICTP was established right from the beginning. 


The necessary condition for the Centre to be useful to the scientist 
Third World was also accompanied from the JCTP’s inception b 
development of several modalities which were created to help physicists 
developing world to be able to resist the temptation of migrating to the attr 
institutions of the industrialized countries, and to be trained at the 
possible level in research fields for which there were no opportunities. il 
home country. 

The associateship scheme was the first of these modalities, A 
associate member is a physicist or mathematician from and living in a dey 
country who has already achieved important resuits in his or her disciplin 
who is entitled by appointment to periodic visits to the ICTP spread. ov 
years, As a norm, associates pay three such visits to the ICTP, each lasti 
Jess than six weeks and no more than three months, with travel ant 
supported by the ICTP. In principle, these six-year appointments can be ex! 
but, in practice, budgetary reasons impose limits on the number of ext 

since the roster of applicants is very large. 

While at the ICTP, associates benefit from all facilities offered by the 
i.e., interaction with colleagues, the library and computing facilities if the; 
them. They have no other obligation than to do their own research. 
guaranteed possibility of refreshing one’s knowledge and accumulating 
which will be worked out and developed at the home institution have prove 
be an efficient deterrent against the brain drain. Former associate researcher: 
be appointed as honorary associates. These can use a fixed sum at their disp 
for five years for short visits to the ICTP when their travel is supported by of 
sources. 

For less experienced scientists, the ICTP designed high-level training co 
— initially in nuclear and condensed matter physics — and a cost-sharin 
arrangement with institutions known as the federation scheme. Federat 
institutions are given the opportunity to depute their younger scientists to. 
ICTP for a total number of days per year, which varies from forty to one hun 
and twenty, depending on the geographical distance from the institutio 
Trieste. These visits are used for participation in research workshops: 0 y 
courses, or for meeting experts, collecting scientific data in the library, or using. 
the computing facilities, when these are not adequate in their home cout 
Boarding expenses of the scientists are borne by the ICTP, while trave 
normally paid for by the institution. 
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in, this arrangement, which is renewed annually, provides federated 
ions with the assurance of regular contacts with a dynamic research center 
a consequence, opportunities for maintaining and improving their 
rch standards. Some of these institutions (twenty for the time being) have 
anted special status in recognition of their scientific achievements. 
in as affiliated centers, these are granted US $20,000 per year for five years 
e further improvement of their research capacity. 


| 1970, the participation of UNESCO in the running of the ICTP was 
lized in an agreement with the LAEA. Through UNESCO’s partnership, the 
was able to expand the sphere of its activities beyond the domains related 
mandate of the IAEA, i.e., those disciplines bearing by and large on the 
ful application of nuclear energy. Thus through the years, new topics were 
‘to the curriculum of the ICTP. In the last decade, the ICTP has held, each 
from forty to fifty high-level courses, research workshops and conferences 
bjects including fundamental physics (high-energy and particle physics, 
vity, cosmology and astrophysics), condensed matter physics (solid state, 
and molecule physics, materials and statistical mechanics), mathematics, 
; and energy (nuclear, plasma and fusion physics and nonconventional 
y); physics and environment (geophysics, climatology and meteorology, 
cs of oceans and atmosphere, desertification and soil), physics of the living 
(neurophysics, biophysics and medical physics), applied physics 
processors, communications, optical fibers, lasers and superconductivity 
mputation physics) and physics teaching. Courses and workshops bring 
her from sixty to eighty participants from developing countries and last an 
ge ‘of four weeks. They are designed to bring the participants from a basic 
ledge of the topic to state-of-the-art issues with hands-on activities, if need 
e laboratories of microprocessors, laser, fiber optics and high-temperature 
rconductivity, or with the [CTP mini-computer and the numerous personal 
rs available at the Centre. 


ry year the ICTP welcomes more than four thousand scientists from the 
“World and from the industrialized countries. The average duration of stay 
atter is of the order of ten days, while the former stay for about five 
fore than three hundred scientific papers are published each year by 
aff and visitors. Altogether, since 1964, the number of scientists from 
loping countries who have taken part in ICTP activities in one capacity or 
amounts to 35,000, out of a total of 50,000 visitors. ‘The success of the 
d its impact on research conditions in the Third World is due to the close 
hip between the international organizations (the IAEA and UNESCO), 
overnment of Italy (which provides ninety percent of the budgetary 
ces of the ICTP), other organizations like the Swedish International 
ypment Agency (SIDA), the local authorities of Trieste and the world 
c community as a whole. 
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By and large, ICTP courses and workshops address the needs of the t 
minded. For the experimentalists, a training-for-research program in: It 
laboratories was launched in 1983. This program, which was initially fina 
the Italian Department of Cooperation for Development, enables eac 
seventy to eighty scientists from the Third World to spend from several: m¢ 
to one year in academic or industrial laboratories located in Italy. The It 
National Institute of Nuclear Physics (INFN) and the National Counc 
Research (ENEA) provided additional fellowships tenable in their laboratori 
Some three hundred laboratories are in a position to welcome fellows. 


Scientists of the Third World must unite their forces. Without such 
Science in the developing countries cannot assert itself in the globalization 
science and technology that we are witnessing nowadays. With this objecti 
mind, I discussed, in 1981, with my co-fellows of the Pontifical Academy 
idea of creating an Academy of Sciences for the Third World. Two year 
the TWAS was founded and, in July 1985, it was officially inaugurate b 
Secretary-Gencral of the United Nations, Javier Perez. de Cuellar. 

The main purposes of TWAS are to recognize and support excelle 
scientific research performed by individual scientists from the Third World: 
provide promising scientists in the developing countries of the Sout 
conditions necessary for the advancement of their work, to promote’ conta 
between research workers in developing countries of the South and witl 
world scientific community, to provide information on and support for scie 
awareness and understanding in the Third World, and to encourage scient 
research on major Third World problems. 

At present, the Third World Academy of Sciences counts three hundre 
eleven members from fifty-four developing countries, including nine Nobel. 
Laureates of Third World origin. 0 
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58. Title Covers of Some Edited Books by Abdus Salam 


Supergravities in Diverse Dimensions, Volumest and 2 
(with Ergin Sezgin, 1989) 
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akistani Physicist Makes 
s. Outstanding Contribution 


The Pakistan Times, 
Lahore 


Very few people outside the small circle of the world’s outstanding 
icists happen to know of the contribution a Pakistani scientist has made to 
etical physics early this year. Fewer still know this achievement in his own 


This Pakistani scientist is Dr. Abdus Salam, who recently succeeded 
essor Hyman Levy to the Chair of Applied Mathematics and Theoretical 
ics at the Imperial College, South Kensington, London, which is reputed for 
utstanding achievements in the field of research, and which as a result has 
elected as the central institution for the training of scientific manpower to 
he competition from other countries. 

ofessor Salam’s contribution to theoretical physics relates to what is called 
eflexion-symmetry Principle” or the “Principle of Parity”. Four names are 
ated with the development and theoretical verification of this theory. They 
ose of Prof. Salam of Pakistan, Prof. Landau of the Soviet Union, and two 
ese scientists, Professors Yang and Lee of the United States. 

Professors Yang and Lee were the first to question the correctness of the 
eft symmetry principle which had been accepted by all physicists up to 
sn, i a paper published by them in the summer of 1956, and they proposed a 
mber of experiments to decide whether the principle held or not. These 
riments were carried out by another Chinese scientist, Mr. Wu, of the USA, 
be middle of January 1957 and the results confirmed the suspicions of 
sors Yang and Lee. 

Even prior to these experiments, Prof. Salam had predicted in November 
the exact results which the experiments would yield. He prepared a paper 
‘subject, giving his own conclusions and exact quantitative calculations, 
é sent to the Italian journal // Nuevo Cimento. This reached the editor of 
nal on November 15. Earlier, he also sent a copy of the paper to Prof. 
he. Zurich professor and Nobel Prize winner, who is universally 
wledged as one of the world’s top most physicists. But so firm was his 
in the correctness of the parity principle that when he received Prof. 


t major article on Abdus Salam’s work by a Pakistani newspaper 
héd in The Pakistan Times (Lahore), August 20, 1957. 
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Salam’s paper he sent back the message: “Give my regards to my friend. 
and ask him to think of something better.” 


Subsequently, after the results of the experiments were known, Prof. Pau 
his letters to Prof. Weisskopf, dated January 19 and 27, acknowledged ha 
received Prof. Salam’s paper several weeks before he got the paper of Profe: 
Yang and Lee. Professors Yang and Lee themselves have acknowledged the 
that they had seen Prof. Salam’s manuscript before they had written their owr 

About the same time, a Russian scientist, Prof. Landau, wor 
independently, developed the same theory in December 1956. Prof. Landai 
is the Head of the Soviet Institute of Theoretical Physics, is counted among 
top-most world authorities on the subject. Prof. Mendelssohn, FRS, one’ 
five leading British physicists who had recently attended a conferenc 
Moscow on physics, in a signed article in the Sunday Observer, paid gla 
tribute to Prof. Landau. He said: “Landau’s school of theoretical phys 
Moscow has, at present, no equal anywhere in the world. It can be compared 
with the Sommerfeld School which flourished in the twenties in Munich 
produced many of the theoreticians now holding leading positions in the: 
The flair for new ideas and original solutions, so assiduously fosteré 
encouraged, is an outstanding feature of Soviet physics, and the American’ 
hunters have done the West a singular disservice by implying that Rus 
achievements depend on espionage. There is no doubt whatever that S$ 
science can be completely self-sufficient, and that in any future interchange t 
will be as much give as take. Indeed, unless the Western Powers succt 
stepping up scientific development rapidly, they must face the possibili 
becoming technologically inferior to the Russian within ten years.” 

It is, therefore, not the least surprising that Prof. Landau had independe 
arrived at the same results. His paper appeared in the journal Nuclear Physic 
January 1957. Thus chronologically, Prof. Salam’s paper came out a mic 
earlier than that of Prof. Landau, which in its turn preceded that of Profes 
Yang and Lee by another month. These facts are already on record in scien 
journals dealing with the subject and whenever the new theory is discusset 
such journals the four names associated with its development are mentio; 
together, although in the popular press, especially in the West, the names of 
Chinese Professors alone have come out. As soon as the results of the né 
experiments were known, Professors Yang and Lee received such a blaze 
publicity in the American press that others who had preceded them 
enunciation of the principles were left in the penumbra of comparative obscu 
The American magazines, Time, Life, Fortune, Scientific American, and Pos 
the same month published lengthy articles and Professors Yang and Lee shot 
the scientific firmament as twin stars of blinding brilliance. The New York Ti 
devoted four full pages to the report and published the full text of the manuscti 
of Yang and Lee, an unprecedented thing among daily newspapers in the Wes 
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new theory developed by the four scientists has a great bearing on the 
ot of elementary particles and is a valuable contribution to nuclear physics. 
‘odes the faith entertained by scientists from the day of Leibniz that nature 
t recognize any inner difference between the right and the left. Since the 
f Leibniz physicists had believed that in physical laws there was no 
tion between the right and left — popularly speaking the existence of the 
d implies that the left hand also must exist. Since the right hand is the 
eflexion of the left, the principle is called the “Reflexion-symmetry 
le” or the “Principle of Parity”. 

; the British mathematical physicist and Nobel Prize winner Prof. P.A.M. 
s shown that for a particle there must be an anti-particle, the law of space 
on asserts that if a particle exists, the one obtained by reflecting it in a 
must also exist. If a reaction can take place, the corresponding reaction 
a mirror is also a physically possible one. If right-polarized neutrinos can 
must the left-polarized neutrinos. 


‘principle has a philosophical appeal for many scientists. Apart from its 
hical appeal, this principle is known to be valid for all strong and 
magnetic interactions. In the summer of 1956, Professors Yang and Lee 
d out that there had been no experiment so far to prove or disprove it for 
teractions, and therefore suggested a number of experiments which might 
e whether this symmetry principle was true. 

ep was his faith in the correctness of the parity principle, that Prof. 
ho is acknowledged as an eminent authority on the subject wrote in a 
Professor V.F. Weisskopf, of the Massachusetts Institute of Technology, 
ary 17, 1957: “I do not believe that the Lord is a weak left-hander, and I 
to bet a very high sum that the experiment will give symmetric angular 
tion of the electrons. [ do not see any logical connection between the 
f an interaction and its mirror invariance.” 

days later he hastened to write another letter in which he-said: “A quick 
‘o my last letter. Blatt has written to me that the experiment of Wu with 
ed nuclear spin gives a symmetric angular distribution for the electrons. 
xciting! How sure is this news? He also says that the neutrino and 
itino are spatial mirror images. The Lord has in his left hand e- in his right 


this time he had also received Prof. Salam’s paper. In the same letter he 
ote: “This corresponds to an idea of Salam, who introduces a connection 
nishing of the neutrino mass. This is equivalent with the description of 
trino being a two-component spinor with zero mass, but why is this 
on of the mirror invariance only present with the weak interactions? Does 
know about that?” 

anuary 27, Prof. Pauli again wrote: “Now after the first shock is over I 
collect myself. Yes, it was very dramatic. On Monday the 21st at 8 in 
g I was supposed to give a lecture on the old and new history of the 
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neutron. At 5 p.m. I received three experimental papers by Wu, Led 
Telegdi. In the same morning, two theoretical papers came by Yang at 
Ochme about the two-component spin theory. (This theory originates fro 
1929, and was originally wrongly interpreted by him. My Handbuc 
1932 reproduces my discussion about this with him.) : 

“This theory is contained in essentially identical form in an earli 
Salam, which I received as a preprint already six to eight weeks ag: 
it is known in the USA. 

“Now where shall I begin? It is good that I did not make a bet sin 
have cost me a lot of money (which I cannot afford). This way Io 
blundered in letters or orally and lost prestige (this I could afford, I think 
for you to laugh at me in this situation. 

“T am shocked not so much by the fact that God is a left-hander: b 


fact that He still appears to be left-right symmetric when He express 
strongly. In short, the actual problem seems to be the question: Why. 
strong interactions parity-symmetric? How can the strength of an’ 
produce symmetry groups, invariances or conservation laws?” 

Professors Yang and Lee to whom Prof. Salam had sent his’ p 
acknowledge the fact in their paper on “Parity non-conservation: 
component theory of the neutrino”. In Footnote 5, they wrote: “We hav 
a manuscript from Prof. A. Salam on a theory of the neutrino similar to 
discussed in the present paper. He specifically discussed points (A) anid 
we discuss here. He also gave the Michel parameter for the mu decay. 
with the ones obtained below in Sec. 6.” 


Prof. Salam once explained to a classicist the significance of this disc 
physics in terms of classical legends. He asked the classicist if he could 
any instance in classical literature of a legend about a giant with only the 
He admitted that one-eyed giants did figure in classical mythology and pt 
to name them one by one, but they all sported their solitary eye in the 1 
their forehead. Prof. Salam said that the new theory revealed space as a | 
giant, and the pity of it was that there did not appear to be a’ 


counterpart to it. 


Returning instantly from this light-hearted digression into 
mythology, Prof. Salam in a recent lecture in London, explained the r 


the asymmetry. He said that one could give a deeper reason why the rig 
symmetry should be violated whenever a neutrino was emitted. He sai 
could be shown that an exactly zero mass for the neutrino was incompati 
the right-left symmetry. “We have lost the symmetry principle, but 
gained an exactly zero mass for the neutrino,” he said. “Today the gai 
unimportant compared to the loss. A few years hence we may think differ 

Prof. Salam explained how he reached the conclusions before Yang 
had. He had heard of the work of the Chinese physicists in Seattle in Se: 
1956. During a flight from New York to London, it struck him that ii 
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nts proposed by Yang and Lee, an elementary particle, the so-called 
s emitted. It was long suspected that the neutrino has a rest-mass 
to zero. Prof. Salam could show by a simple argument that an exactly 
or the neutrino .was incoinpatible with the right-left symmetry 
erhaps nature preferred that the neutrino should have an exactly zero- 
as willing to sacrifice even the reflexion-symmetry principle to 
Starting from this, Prof. Salam could predict exactly and 
ly what the precise results of the experiments proposed by Yang and 
be. These experiments were carried out in the middle of January. 
ts exactly tallied with the numbers Prof. Salam’s calculations had 


. credit for these experiments goes to a Chinese woman physicist, 
ho like Yang and Lee, is domiciled in USA. When the Chinese 
received world-wide publicity Chiang Kai-shek’s Kuomintang regime 
udly claimed them as their nationals and conferred on them gold 
and prizes of $1,000 each. 


or Salam, who wiecesded Prof, Levy to the Chair of Applied 
and Theoretical Physics at the Imperial College, is the youngest 
lege has ever had. He is only thirty-two. He is the first and only 
any Commonwealth country to occupy this position and the first 
ppointed to the Chair of a Science faculty in any university in 
essor Radhakrishnan, who had once occupied a Chair at Oxford 
as a Professor of Indian Philosophy. 


alam was born in Jhang, in West Pakistan, in 1926. He had a brilliant 
er. He was a First Class student throughout and topped the list in 
lation, Intermediate, B.A. and M.A. examinations of the Punjab 
y. He set up a new record in the B.A. examination in 1944, which still 
tinction in the M.A. examination in 1946 won him a Government 
‘to-join Cambridge University from where he took his Tripos in 


1951, for'research work in Meson theory, and a similar Fellowship 
te of Advanced Study (Einstein’s Institute), Princeton, USA. 


epartment of Mathematics, at the Government College, Lahore, in 
he following year he accepted the chairmanship of the Department 
s in the Punjab University. 

fora person of Prof. Salam’s ability, attainments and inexhaustible 
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When Prof. Salam was leaving England in 1949, Prof. Levy had 
prophetic statement. He said that if ever Pakistan found that it had 
Prof. Salam, the Imperial College would certainly have a place for hi 
Levy’s words came true. 

In 1954, Prof. Salam was invited to join Cambridge University asa 
in Mathematics, which position he held until early this year when he 
Prof. Levy at the Imperial College. 

Shortly after assuming the chairmanship of the Department: 
Mathematics and Theoretical Physics at the Imperial College, Pr 
delivered the inaugural address of the Mathematics Society of the’ 
“Elementary Particles”, which was attended by many distinguished pers 
Introducing him, Prof. P.M.S. Blackett, Nobel Prize winner and Pr 
Physics at the college, said: “Dr. Salam had a meteoric academic care 
in Pakistan and seemed to possess an extraordinary facility for being 
pass any examination in any subject except at the very top of the list: 
migrated to Cambridge and came to the greatest decision of his lif 
which affected us here when he had to make up his mind whether to take 
in English literature or in Mathematics. Luckily for Physics and Imps 
he chose the latter.” 

After referring in very eulogistic terms to the other aspects o 
Prof. Blackett said: “In 1955, he showed his administrative gifts by b 
one of the scientific secretaries of the great international conference at’ 
the peaceful uses of atomic energy. Salam’s work in theoretical physic 
mainly of a very abstract kind, originally dealing with Quantum Theory 
a subject of which I both do not know anything and know I'll never u 
Latterly he has gravitated towards the field of Elementary Particles 
very familiar and dear one to myself and to my young colleagues 
- parts of England and in the world, and this is what he is going t 
today.” 


Prof. Salam has just returned to London after a visit to Argentin: 
France. He spent two weeks at Buenos Aires lecturing on nuclear ener 
invitation of the Atomic Energy Commission of Argentina. He also ha 
stay at Rio de Janeiro where he delivered some lectures on the same 
the invitation of the French Government he visited the Internationa 
Physics Summer School at Les Houche where he gave a series of lect 
month he is visiting Italy to deliver a series of lectures on Elementary | 
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nnely Scientists — ~ 
Ahead with Abdus Salam 


Here and there among the multitude of people who are concerned about the 
dful dilemmas facing the underdeveloped half of the world are a few men 
ipeak with special authority. They are products of the unindustrialized 
ld, they speak for it, but they have also excelled in the West’s own game of 
sical science. One of these men is Abdus Salam. 

Salam is a 38-year-old Pakistani, a graduate of the Punjab University, a 
lim who is likely to include a quotation from the Qur’an in any public paper, 
he scientific adviser to the President of Pakistan. He is also a leading student of 
rticle physics and one of the architects of the octet model, a fellow of the 
eton Institute, the youngest fellow of the Royal Society at the time he was 
appointed, professor of theoretical physics at Imperial College of Science and 
nology in London, When I talked to him in London he was just about to take 
er the direction of a new international institute of theoretical physics. 

alam has a warmly personal manner. His speech conveys the impression 
an with a thorough command of a language not quite native to him — a 
“subject brings a pause, almost a stammer, while he gathers his thoughts, 
an enthusiastic rush of talk. After we had spent a few moments getting 
acquainted and had settled down with cups of rich Turkish coffee, I asked my 
first question. ‘ 


ional Science and Technology (IST): Is there any opposition between the 
of an Asiatic society and the spirit of modern technology? 

Salam: I would like to say no. Take Japan. But, let me limit 
moment to Pakistan. Islamic society was highly technological in 
12th centuries when the Arabs were strong in the sciences. Even 
rkish days, the technology of the Turks was net poor compared to 
European states. After I have said this, of course, J have to admit 
umber of factors in the way life is organized which will have to 
sia is to become technologically modern. 


stion is how. 

Jp toa level, technology is easy. After one starts living in a 
| society, one develops a sort of contempt for the thing. It’s not hard. 
<juired casily once the mental attitude towards it changes. It’s not like 
ip which needs a long tradition to develop. Now take tradition: I keep 


view with International Science and Technology, December 1964. 
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telling my boys in Pakistan, do not despair if you do not produce, for 
mathematicians like Hilbert, you still might produce mathematic 
Ramanujan. Ramanujan was, if you like, relatively untutored — 


IST: Intuitive. 
Salam: An intuitive person, one who could be produced any whe 
time given a minimum of mathematical training. We could not produce 
the solid tradition of scholarship which is typified by a Hilbert,or a Weii 
a Gauss. Luckily, most technology does not need that long tradition of 
scholarship does. 7 


IST: But where did you yourself come from? 

Salam: J come from Pakistan. . 
IST: I mean — how did Pakistan produce someone like you? 

Salam: I don’t put myself in the category of Hilberts. My 
theoretical physics, and theoretical physics atthe moment is in an intui 
It’s at a stage when we are sitting on the top of experiments. We 
impatient. We don’t want to wait from one resonance to the next. A 
three resonances turn up, we make a complete theory. That theory 
tomorrow; we don’t worry; we start all over again. If you make mis 
don’t worry. That is the intuitive milieu in theoretical physics. You neet 
types of gifts; you need good imagination, intuition, perception 
correlation between facts. You do not need that long tradition 
knowledge. of 


IST: This is a temporary condition, of course. 
Salam: Probably, in another few years things will change; the basic 
have been established; the thing will become classical, less exciting: 
need duller people with deeper schoiarship. This just illustrates my poin 
technology, you are not looking for depths of erudition. Apart from a fe: 
things, the faster technology changes, the better it is. 


IST: How do you make it start? 

Salam: The most important step is breaking the mental barrier, You 
my country, you preach a thing for five, six, seven years. You go on 
Nobody listens. And suddenly you find -; for example, take the civil serv: 
Pakistan. The civil service was a legacy of the British Empire — men wi 
education, responsible for law and order and revenue collection. Sterling 
first rate administrators. But men with no appreciation of engi 
technology, or science. Not the men best suited for development. I persona! 
not wish the system to perpetuate. Itis the sort of thing we have been cr 
against for five, six, seven years. But ih the last few years, suddenly we be: 
find that a majority of the civil seryice men ate sending their own sons 
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chemistry, mathematics, and engineering — for research. You begin to 
whether the barriers have suddenly begun to fall down. 


alan: Let’s take the Ph.D. level. And let’s concentrate on those being 
n the USA or the UK. Through our Atomic Energy Commission, which 
‘merely function for the atomic energy program, we have succeeded in 
n the last three years, something like five hundred men at the Ph.D. 
w that’s a tremendous number for a country like ours. 


ill these men go back to Pakistan? 

am: Oh yes. They are all employees of the Atomic Energy Commission. 
go back to Pakistan. We are trying to throw them into the universities 
ther spheres. So I should say we are taking care of the chemists and 
sts. and partly of the engineers. We are not taking care of biologists — 
‘tremendous loss. 


ot even agriculturists ? 
lam: Not at the moment. We have no organization to do what, for example, 
¢ Energy Commission does. 


iat seems absurd. 
im: It’s absurd — absolutely absurd. 


ére seems to be an element of old fashioned intellectual snobbery in the 
an education. 

You are quite right. As a rule it’s the glamour subjects which get 
d first. That seems to be the pattern all over the world. It’s something to 
red, in the abstract, but you can do nothing about it in a free: society. 
the boys get more attracted towards the glamour subjects. Second, the 
always puts up more money for them. But I do not despair. Once we 
vernment and the public used to the idea of spending on science, once 
ion develops, then that brings in the second round; the biological 
€ prospecting sciences, the ones which are economically important 


Iam afraid one can’t help it. There is a private enterprise in scientific 
if you wish. One good man turns up in a country, and he has a bee in 
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IST: Often this seems to mean theoretical physics. 

Salam: 1 am glad you said that. For it brings me to the venture, 
closest to my heart. Theoretical Physics is one of the few subjects whe: 
country with very little tradition of science can produce reasonably goo 
Japan is a prime example; it wasn’t as developed when theoretical physic 
there. The Japanese school of physics preceded the heights J apanese te 
has reached now. The same thing is happening elsewhere. There are on 
very good physicists in Turkey — one I know is commuting between 
and Ankara. A couple of very good Koreans; people from Lebanon; 
India, of course; a number of very good people. Some from Pakistan, 
South America — one or two outstanding men in Brazil, some very fi 
Argentina, and so forth. To my mind, these men are very much worth 
not only because they are good scientists, but because they are the centr: 


IST: What do you mean, saving? 

Salam: Saving for good science, within their own countries. The 
following problem. Theoretical physics is a subject in which — there 
phrase which expresses it — in which speech is the important thing, 
written word. You have got to go around and talk with people and be ia | 
only to learn that this particular mess of papers here on my desk is rub 
these others are the important thing. You can scan the whole blast 
never find out what is important. But going to an active place for a 
easily get to know the significant from the insignificant. So a ma 
isolation or with a small group has every chance of just deteriorating. .- 


IST: He has students but no teachers. 
Salam: Yes. When J was teaching in Pakistan I had oy 
problem. In Cambridge, and at the Princeton Institute I had done r 
work. But at Lahore, I found myself getting out of the subject altogeth 
when I was invited to a position at Cambridge, the only choice was to mi, 
make myself an exile. Now if somebody could guarantee those people Vv 
living out there that they can maintain continuity, guaranteed continuity. t 
out once a year, for three months let’s say, and to work in a sti 
atmosphere, they will stay on. They will not have the cruel choice. of 
giving up physics or their countries. ; 


IST: This is what your new institute will try to do. 

Salam: This is the project which is dearest to my heart at the mom 
see, in the world of theoretical physics there is the Western group, the: 
States and Europe, and there are the Eastern European physicists. |! 
recognizes that they exist, but there is also this third set of people. They: mz 
as good in physics as some in the West or the East, but they have very 
opportunities. 
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they also represent a different way of thinking? 

}: I definitely believe that every cultural tradition of the human family 
cience a different way of thinking. In theoretical physics I see some of 
t. Chinese physicists bringing the “subject their pragmatism. Or take 
-xample. I was recently discussing with Oppenheimer — though he did 
ssarily agree. In mathematics or theoretical physics I do not know of any 
ish complex variable men, or real analysts, but there are great Jewish 
ists, group theorists, and number theorists. This must come from the 
mudic tradition. We speak now about symmetries in particle physics. 
t Negro physicists arise, I wonder, in my lighter moments, if they will 
cé the concept of ‘rhythm’ and ‘harmony’ in elementary particles. 


you see a third group in both an intellectual and a political sense. 

: I do not wish to labor this point about intellectual diversity. But it 
me it would be an excellent idea to have an international institute of 
physics and one with a special emphasis on this need of 
Joped countries. The idea started out at the Rochester Conference of 
lergy Physics in 1960 with a remark by Mr. McCone. He was then 
of the US Atomic Energy Commission, and in his after-dinner speech, 
hat it was time now to think of international particle accelerators. A few 
et after the speech were * commenting on it and we said, this is very 


’ Was opposed at first by the UK. It was opposed by France, by 
y Australia, and by Canada. It had only a lukewarm support from the 


s that made offers were Denmark — a million dollars for a building 

)0,000 towards annual costs; Italy offered buildings and a quarter 
for annual costs; we also had an offer from Pakistan and an offer 
y. The Italian offer was linked to Trieste. Financially it was the 
0 the decision was that the institute will be sct up in Trieste for four 
after that the situation will be reviewed, and if necessary it may 
-a developing country. 
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IST: Would that be desirable? 

Salam: I would like to get the experience of seeing the thing run fi 
has some attractions. Somehow Eastern Europe is nearer; it’s a semi-im 
city. Already we have had a tremendous demand for fellowships 
positions from Eastern Europe — from the Poles, the Hungarians, the: 
the Yugoslavs; also from South America; also from Asia. The ins 
function at the beginning with a senior staff of about fifteen to:t 
(mostly Ph.D.) fellows. There is also a new type of fellowship we hav 
We call it “associateship”. The “associates” — several dozen of. 
scientists from developing countries with the privilege of coming tc 
periods of their own choosing from one month to four every year. We 
their stay and travel. 


IST: 7t does seem strangely remote from the practical world as a way t 
developing country. 
Salam: Let us not confuse the full problem with a part of it. I did 
this was a panacea for all scientific deficiencies of the poorer countries 
an administrator in charge of science in Pakistan, I would certainly d 
to stress the basic agricultural and biological sciences. But let me make. 
about it. One needs, in addition, good scientists, first-rate scientis 
subjects too, ‘ 


IST: The important thing is to develop a scientific tradition, no “mat 
science it is? : 

Salam: It’s not that. In a free society, it is a matter of the example 
not underestimate what a great physicist can do for the morale of young 
a developing country. They come flocking in to read sciences, ra 
literature or law. And another aspect of precept and example, I am pre 
that this institute, if we can get the word spread: that it is functioning the 
want it to, will breed a network of international institutes in other subj 
practical subjects, like plant breeding or tropical medicine. cabana 
beginning of a UN university. So I don’t despair. 


IST: A slow process. A generation. i 

Salam: You don’t need a generation. In some ways things are easier. i 
country; they happen in four or five years. That’s a generation for us. Wi 
people you are trying to convince are few — paradoxically perhaps, a oat 
faster. 0 
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n of Science — Abdus Salam 


Nigel Calder 
Science Writer, London 


summer noon in 1940, Abdus Salam came cycling into Jhang, a country 
in the Punjab region of British India. The townspeople had lined the streets 
him because, at the age of 14, he had just made the highest marks ever 
led in the matriculation examination of Punjab University. The result was a 
sensation, but nowhere more than in Jhang, which had so little tradition 


rom that moment, Abdus Salam was public property. Scholarships were to 
his family of the cost of his further education, first at Punjab University’s 
rnment College, Lahore, and later at St. John’s College at Cambridge 
ity in England. 
was to astonish the ablest men of his time and become a leader in 
al physics. Today, at 41, he is international property. He directs the new 
rational Centre for Theoretical Physics (ICTP) in Trieste, Italy, on leave of 
from Imperial College of Science and Technology, University of 
on, an institution similar to the Massachusetts Institute of Technology 
the United States. He is also chief scientific adviser to the President of 
tan and one of the “wise men” entrusted by the United Nations with guiding 
cation of science and technology to the global war on poverty. But such 
recognition says little about the man, or about his role in the world of 


f course, Salam had been a child prodigy, but even his talents could have 
ifled by neglect in his corner of the world. The boy had been lucky in his 
circle, which has a long tradition of piety and learning. His father was a 
icial in the farming community along a tributary of the mighty Indus 
lat gave India its name. Each day, when the boy came home from school, 
er would question him closely on what he had studied. And if any other 
agement was needed, his maternal uncle, a former Muslim missionaty to 
ica, supplied it. ; 

Salam’s education proceeded, the traditions of Islam were complemented 
nd by Western studies. He read English literature as well as the Qur’an 
00k of the Muslims). His prime subject was mathematics, but that would 
been sufficient to save him from the natural destiny of ambitious young 
his country — entry into the civil service. World War II had put a 


st published in Science Year: The World Book Science Annual, 1967. 
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moratorium on new appointments, however, so, in 1946, he went to Cambs 
University to continue his studies. : 

Cambridge captivated him, especially the flower gardens of St. John’s: 
he was to turn down a fellowship at neighboring Trinity College, consider 
best college in Great Britain, for aesthetic reasons — the Trinity grounds wer 
as pleasing as those at St. John’s. He became a wrangler (Cambridge’s traditi 
term for a first-class mathematician) without much difficulty. Thereafter, S< 
followed the advice of Fred Hoyle, the cosmologist, and took a cours 
advanced physics. “Otherwise,” Hoyle told him, “you will never be able to 
an experimental physicist in the eye.” 

Salam did more than take a course, he became a research stud 
experimental physics in the famous Cavendish Laboratory of Cambr 
University. That move could have been a mistake. Salam was no good 
laboratory. He would get bizarre results in his experiments and explain then 
inventing a new theory. He importuned the Cambridge theoretician 
something more to his taste. The rare self-confidence and fastidiousness 0 
young scholar demanded that he question the deepest qualities of nature. 

To a Muslim mystic, Allah is to be sought in eternal beauty. And for Sal 
beauty comes through finding new, subtle, yet simplifying patterns in the na 
world. Anything that threatens to confuse the issue seems to him ugly, fillin, 
with an almost physical revulsion and driving him to clean it away, much ‘as 
would remove mud from a shrine. 


His first major piece of research, done at Cambridge, completed < 
cleaning operation to get rid of an absurdity in physics. In previous theory; 
was nothing to stop an electron from having an infinite mass and an in’ 
electric charge. With great insight, physicists Julian Schwinger, Ric 
Feynman, and Freeman Dyson had indicated how the difficulty coul 
overcome, but the complete mathematical proof was lacking. That, Sa 
supplied. 

During the period in which Salam has been active, since the late 94( 
physicists have shredded matter into smaller and smaller pieces, and 
proposed new theories to explain them. In all the great advances, Salam ha 
in the thick of the action. Three of his contributions have been exception 
important, and illustrate his quest for order, 

The first had to do with parity — a theory of physics concerning the s 
between an event and its mirror image. When a radioactive atom throws ou 
electron (beta particle) it also ejects that most elusive of particles, the neutri 
Both particles spin as they go, and the natural assumption was that the parti 
were just likely to spin to the left as to the right. At a conference in Sea 
Washington, in 1956, the Chinese-born American physicists Tsung Dao Lé 
Chen Ning Yang suggested that such parity of left and right might possibly 
be the case. 
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Startling proposal, which challenged a 30-year-old law on the 
tion of parity, nagged Salam as he flew back to England from the Seattle 
nce, If the ugly, irregular idea of “parity non-conservation” was to be 
all, there had to be a beautiful explanation for it. He recalled that no 
$ satisfactorily explained why the neutrino had no mass. Any particle will 
eract with its own field and thereby resist acceleration which is what 
1 by mass. Salam saw that nature could dodge this outcome if the 
pun only in one direction — in other words, if parity was violated. 

€ precisely, parity violation had to balance parity conservation exactly. 
d mean that of the electrons emerging with neutrinos from radioactive 
60 atoms, an average of three electrons would spin one way to every one 
| the other. By the time his plane had landed in England, Salam had it all 
his mind. Distinguished colleagues mocked the idea. In 1957, Chien- 
Wu of Columbia University in New York City performed the celebrated 
60: experiment that proved the violation of parity — God was left-handed, 
| physicist Wolfgang Pauli put it. For every three electrons spinning to 
ine spun to the right, just as Salam had predicted. 

alam, like many other physicists, was already after bigger game. Could 
dering variety of particles be elementary? Or, was it, as Salam asked, 
ne are more elementary than others?” The best thing was to seek family 
s, enabling one to say that if one particle exists, then others should exist 
al properties — similar but not identical. 

breakthrough began in 1960, when Yoshio Chnuki of Nagoya University 
ntroduced the idea of “unitary symmetry” that might exist among 
It: started with the notion that most particles are made up of three 
hich are themselves related to one another. Salam was the first non- 
ghysicist, perhaps in sympathy of oriental minds, to accept the idea. 
erial College, where Salam was professor of theoretical physics, 
the center of development of unitary symmetry. 


and John Ward, a visitor to Imperial College, used it in April 1961, to 
eightfold family of new particles having twice the spin of the proton, 
vered some six months later. A research student working with Salam, 
man from Israel went on to show that the chief heavy particles, 
¢ the proton and neutron, also formed an eightfold family. About the 
e, Murray. Gell-Mann of the California Institute of Technology came to 

iclusion. He used the symmetry concept to predict a very strange 
the omega minus — and when that, too, turned up early in 1964 the 
“as were established. 


t great advance came from American theorists who extended the 
etry idea to link up separate families of heavy particles into a 
ty-six particles. But this theory left out the crucially important ideas 
¥; which omission launched Salam onto his third major contribution to 
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science. This time, working with two associates, Robert Delbourgo* 
Strathdee, Salam introduced Einstein’s “four dimensions” (three dimen: 
space, plus time) to arrive at a still higher pattern. “We are never go: 


surprised by the discovery of a new particle again.” Salam commente 


time. The earlier theory, leading up to the omega minus, had flaws, a 
were carried over into the new theory, as Salam’s fellow physicists were ¢ 
point out. The fact remains that the valid portions of the theory repr 
highest level of pattern-making in particle physics. As Salam puts it: a 
. now run out of indexes.” 

According to Muslim colleagues, physics, for Salam, is a form afi pra 
he also treats physics as great fun. He holds onto the problem in his min 
dog with a bone, yet he manages to remain relaxed. He pours out i 
continuous stream in discussions with his colleagues. Occasionally,’ Sal 
right — and then his triumphant “T toid you so!” might be irritating to any 


recalled the ninety-nine others, voiced with equal conviction, that were wr 

The intensity of feeling and humor that goes into his theorizin 
illustrated once when he was ill. “I’m sorry,” he told a colleague, “I can 
physics now because I can’t shout back at you.” Generally, Salam talks: q 
thoughtfully, and fluently in a husky voice punctuated by laughter. But he'a 
takes a positive attitude to ideas. “Some theorists are nihilists,” he ¢ 
“They are very good at showing where ideas are wrong, but they do n 
anything in their place. I prefer to build.” He thinks more or less con 
about the patterns of nature and their mathematical representation, loo 
order and beauty. “A broken symmetry breaks your heart,” he says. He be; 
day at 3 a.m. Like the wise man in the proverb, he goes to bed early, tao.» 


That, then, is the story of the scholarly Punjabi boy who becam 
outstanding physicist. But there is another Salam: the man of the world : 
most modern sense, a man concerned with the politics and organization 
science, and with the terrible problems of poverty and backwardness, in 
homeland and in half the world. 

In 1947, while Salam was finding his place in the unfamiliar wo 
Cambridge, the British dissolved their Indian empire and the new Muslim 
Pakistan, came into existence. Four years later, at the age of twenty-five 
went back to Lahore. He served as teacher of mathematics at his alma 
Government College (1951 to 1954), and head of the mathematics departm 
Punjab University (1952 to 1954). He felt a duty to return home and work a 
and teach his own people. The move turned out to be unfortunate, alth 


Salam did not give up easily. He spent three troubled years there 


professional frustration drove him back to England. Reluctantly, he went d 
the “brain drain” which robs Asia of much of the talent that it so urgently r 
But he resolved to do all he could to save other young men from the 
choice” between homeland and profession. 
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sahore, the lack of facilities was the least of his worries — a theorist, after 
with plain paper or a blackboard. But, the academic climate in Pakistan 
g; science was ignored not only by the intellectual leaders of the new 
but also by the brightest. studerits: Salam, simply, was intellectually 
He dabbled fruitlessly in cosmology and the theory of superconductors. 
ve to know what other physicists are thinking,” he says, “and you have to 
jem. I feared that if I stayed in Lahore my work would deteriorate. Then 
sé would I be to my country?” Better to be a lecturer in Cambridge than a 
¢ in Lahore. 

jam picked up the threads again with instant success. In 1955, he was 
y serve as a scientific secretary at the first Atoms for Peace Conference 
d by the UN in Geneva, Switzerland. Like many others on that famous 
|, Salam was greatly moved and sensed the full strength of world science 
its power to work great wonders for the benefit of all men. Two years later, 
; chosen to found a department of theoretical physics at Imperial College. 
‘also elected the youngest fellow of Britain’s most select association of 
sts, the Royal Society. 


“ 


oday, Salam is director of his International Centre for Theoretical Physics 
¢. The possessive “his” is correct. Abdus Salam conceived the center as a 
here men from all countries could work alongside some of the most 
ished minds of physics. As delegate from Pakistan, he proposed its 
to the International Atomic Energy Agency (JABA) in 1960, and he was 
| appointed its first director in 1964. Advanced countries, such as France, 
Britain, the Soviet Union, and the United States, were cool to the idea at 
ut they could not resist the enthusiastic support from developing countries 
iéd behind Salam. The Italian government provided the greater share of 
oney for the center’s first four years, donated temporary premises and 
ork on a fine new building at the coastal resort of Miramare. 

advance that established the center on the scicntific stage and made it a 
for the world’s physicists was Salam’s effort, along with Delbourgo and 
in carrying the unitary symmetry ideas forward. That work was 
sinnced within a few months after the center had opened in October 1964. 

The center, which Salam envisions as the first department of a UN university 
ides a meeting place for leading theoreticians of East and West. In 1965, for 
ance, Salam arranged a year-long brain-storming session on the attempts to 
the H-bomb — to produce useful power from the hot, heavy gas. Out of the 
presided over by Marshall Rosenbluth, an American, and Raoul 
a Russian, came something like an international policy for experimental 
ed at giving mankind access to an unlimited source of power. 

st of all to Salam’s heart is the center’s role in ending the loneliness of 
¢ in the academically under-developed countries. Never again should 
theorist suffer the isolation that Salam himself felt when he went back to 
rom Africa, Asia and Latin America, professors and students come to 
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spend a few weeks or months at Trieste, where they can “plug in” 
excitement of physics, sample the latest ideas, and, most Hmnportant vot. 
informally with the world leaders in the subject. One device pioneered: 
is already being taken up in other institutions and has attracted specia 
from the Ford Foundation. It is the “associateship” plan whereby: s« 
theorists in developing countries are given the privilege of coming to f 
three months a year, with the center paying all the expenses. 

The winter at Trieste is the time when many physicists come - 
Southern Hemisphere during the summer vacation of their universities. 
the scientists a time for renewal, an opportunity to communicate with 
spirits. After teaching for four years at the University of Santiago, Chil 


Saavedra felt like “a squeezed lemon”. He was tempted to accept: 
London, but the center at Trieste opened in the nick of time, keeping Sa 
from joining the “brain drain”. For East Europeans, Trieste is, abov 


considerations, the only place in the world where effective collabo 


possible between the physicists of the East and the West. Salam is also 
that, through the Centre, important contributions to the subject by theo 
from the developing nations in Africa have begun to appear. 

Salam presides benevolently over the Centre, aided by his deput 
Budinich of Italy. Few of the visitors can know what battles Salam has 
and goes on fighting to make sure that the Centre will survive. In Februa 
for example, he took the night train to Vienna to talk to the governors 
into extending the Centre’s life indefinitely. He did not succeed, and 


conceal his wrath. In former days, a Muslim warrior would draw hi 


Salam unleashes his words. He subscribes to the Islamic tradition that pa 
a virtue only up to a certain point and gentle persuasion only for so lon 
are striving for higher goals. 


Abdus Salam’s name means, literally, Servant of Peace. The ideal o 
brotherhood cultivated in the abstruse mathematics and broken Englis 
Trieste Centre finds a broader and plainer expression in Salam’s work fot 


Advisory Committee on Science and Technology. Twice a year,: 
seventeen other men of learning spend ten days together at one of tl 
centers — Geneva; New York City; Paris, France; and Rome, Italy. They 
specify ways in which scientific knowledge and technical skills can hast 
advancement of that haif of the world now living in poverty. 

The UN committee has produced a “World Plan of Action” for buildin 
science and technology within the developing nations and for tra 


technical knowledge to countries that desperately need it. The “wise men 
also named particular technologies that need to be developed as fast as po 
such as desalination and the elimination of disease-bearing insects. Each m 
has his special pre-occupations and enthusiasms. Abdus Salam is parti 
interested in involving leading scientists of advanced countries in the problen 
world development. 
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On behalf of his own country, Pakistan, he did just that in a memorable 
in 1962. The magnificent irrigation system built in the Indus Valley 
he British era had deteriorated. Many years of seepage from the great 
n canals had waterlogged huge-areas’of farmland, while evaporation from 
had caused salts to accumulate. When Salam explained the problem, the 
overnment sent leading scientists, agriculturists, and engineers to West 
in: After thorough studies, the team, led by Roger Revelle, then director of 
ripps Institution of Oceanography at La Jolla, California, and science 
fo the Secretary of the Interior, drew up a plan of wells and pumps for 
g the land and washing out the salt. Several areas, each about a million 
“size are already successfully under treatment west of Lahore. Over 
farmers have adopted this procedure, greatly increasing agricultural 
on in West Pakistan. 


ident Ayub Khan of Pakistan appointed Salam as his personal scientific 
in 1961, and a close and informal relationship has developed between 
alam is frank about the human impediments in Pakistan, as in many 
ping countries, where scientists may proffer constructive suggestions, only 
hem ignored by the administrators or dismissed because of the lack of 
to carry them out. Salam’s most powerful colleague is Ishrat Husain 
irman of the Pakistan Atomic Energy Commission. The Commission 
beyond its basic task of introducing nuclear power. It seeks to 
general excellence among Pakistanis scientists. 

e words of Usmani, “Most of the scientific effort in Pakistan is in a large 
1¢ to Salam’s imagination and the weight of his personality. Salam is a 
of the pride and prestige of our nation in the world of science.” 

he same time, Salam confesses that too little attention has been paid to 
agriculture and he is understandably prone to pessimism. In a forecast 
future; he has written: “Twenty years from now the less-developed 
es will be as hungry, as relatively underdeveloped, and as desperately 
tc Yet he recognizes slow progress in some directions. In Pakistan, 
steem given to the arts, at the expense of science, is being broken 
resident himself has come to share Salam’s passionate interest in the 
ation of better science textbooks. Many people are studying science at the 

S. 

childhood, when he watched the apothecary at Jhang concoct aromatic 
rom the ancient book of Avicenna, the Persian philosopher-physician, 
s taken a proud interest in his former glories of Islamic science and 
e likes to recall the days when Baghdad and Moorish Toledo were, 
me, the world’s chief centers of learning. Even today, his vision of the 
Pakistan is not confined to the satisfaction of material needs. “Once a 
rts to think of higher things,” he says, “scholars must find a role in that 
uring his visits to Pakistan, it is not unusual to find him surrounded by 
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critical listener. 


In keeping with strong Islamic tradition, “Charity begins at neue 
Pakistani seeking help or guidance from Salam is left unaided. Hi 
students, too, find him generous to a fault in his support of them. 

Salam is frequently on the move from continent to continent, yet unli 
of today’s jet set scientists he refuses to let public business deflect hit 
personal researches. Conversely, in his advisory work in Pakistan an 
UN, he does not allow his scientific sophistication to dampen the simpl 
of a man born in a poor community and who knows that he is’ perh. 
luckiest of all his countrymen. : 

On the wall of the director’s office in Trieste, hangs an inscription’ of 
century Persian prayer: “O Lord, work a miracle!” Salam’s strength i 


believes miracles are possible provided one goes out and helps them 
way fl 


59. Salam’s Favorite Calligraphy : “O Lord. Work a Miracle” 
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a” by King Hassan II of Morocco 
ctor Ahmad Abdus Salam, Nobel Prize, 


INSIDERING the renaissance of Morocco in various fields of activity: 
SIDERING the geographical position occupied by Morocco which 
the country an important link or meeting ground for peoples and nations, 
hich has acted throughout the centuries as a bridge over which Arab- 
Jim civilization has crossed; a land which has welcomed and adopted other 
ations, in particular western civilization: 

JNSIDERING this special position which enables Morocco to undertake 
fence of spiritual and ethical values common to nations which may differ in 
eliefs and forms of expression: 

ONVINCED of the importance of these spiritual values for the 
pment and progress of these peoples in their forward march: 

DESIROUS of seeing Morocco make an effective contribution to the 
tion and development of study and research in every field: education, 
ature, culture, art, as well as in science, technology, economics, diplomacy 
politics: 

NSCIOUS of the value of exchanges of views between the cultural and 
¢ leaders of different nations: 

INSCIOUS of the creative and enriching effort made for a better 
tanding and mutual appreciation between the Moroccan people and those 
hom we are linked by ties of friendship and co-operation: 

INSCIOUS that many people share our faith in the values we hold in 
on, and which have been granted to by universal civlization, the 
dance of the human mind, and a fervent desire for the consolidation of 


HAVE DECIDED to found the Academy of the Kingdom of Morocco 
iereby place under Our High Patronage, in virtue of the Dahir dated 24 
97 (October 8, 1977). This law states the objectives of the Academy, 


f the Academy of the Kingdom of Morocco, Rabat, March 11, 1980. 
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Article 4 of the organic law stipulates that the Academy shall compirse 60 
bers, 30 of them resident and citizens of the Moroccan Kingdom, and 30 
ciate Members, persons of foreign nationality. 

faking into account your outstanding human qualities and your illustrious 
on, not only in your own country but also abroad, in view of your 
arable work in .the domain of physics and mathematics, which has 
ibuted to a series of successes in advanced scientific research, and which 
rned you and your country — an Islamic land — renown and esteem which 
adiated throughout all Muslim civilization: 

jew also of your outstanding contributions to the progress of science, and 
f humanity, whose merits have been universally recognized by the award 
Nobel Prize, an honor bestowed only on men of your stature: 


ONSIDERING ail these qualities, the constituent commission appointed by 
ajesty by virtue of article 42 of the organic law has brought your name to 
otice for admission to the Academy of the Kingdom of Morocco as an 
te member. 

rther, in homage to your eminent personality, and in view of the valuable 
you have accomplished for your country and humanity, it is with the 
st pleasure that we give our agreement for your nomination to the Academy 
Kingdom of Morocco. 

tly, we are convinced that your participation will add a powerful stimulus 
ngthening the Jinks of friendship and cooperation between your country 
Kingdom of Morocco. 
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Professor Abdus Salam 


Professor John Ziman 
Professor of Physics, 
University of Bristol, UK 


Mr. Vice-Chancellor, 

Only connect! That is the theme that runs through the life and work 
Salam. He has followed the teaching of Islam, and has dedicated his 
principle of unity — the unity of Nature and the unity of Mankind. As 
philosopher he has seen that the various interactions of the elementary 
must be no more than diverse aspects of a single primary force. As a poli 
moral leader he has demonstrated that the various interactions of 
cultures are no obstacle to the brotherhood of Man in science. 


In the Faculty of Science, we honor him as one of the finest t 
physicists in the world. In 1950, he was awarded the Smith’s Prize at C 
for an outstanding pre-doctoral contribution to physics. Since then he 
continually at the working face of the deepest mine that science has ¢ 
down into the bedrock of reality. He has a major part in every ac 
unfolding drama of the discovery and understanding of the primary | 
quantum physics. It is astonishing that a man who is also so active: 
affairs should have published some 200 papers on the physics of € 
particles, and is still forging ahead in that intensely competitive and 
intellectual enterprise. 

In fact, he is still so hard at it that I have not dared to engrave a tabl 
achievements in physics: tomorrow morning, a new experimental ol 
somewhere might add a whole new theory to the list. Salam has: 
scientific gift of suggesting new, physically realistic, theoretical connec 
are really worth the effort to confirm. The great theory of the electrow 
for which he shared the 1979 Nobel Prize in physics, was first pu 
thirteen years ago. For the next three or four years it was totally 
because of apparently insuperable mathematical difficulties. When 
eventually been cleared away, some very delicate experiments were still 


~~ Presentation address by Professor John Ziman, ERS, on the occasio 
award of the degree of Doctor of Science — honoris causa by the Uni 
Bristol, July 2, 1981. 
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st the mathematical predictions against physical reality. [ remember visiting 
n Trieste at the exciting period, with telephone calls from continent to 
inent to check up on data that seemed, at first, to disconfirm his cherished 
hesis. Salam’s personal enthusiasm for physics is delightfully infectious. It 
happy day for us, too, when his persistence was rewarded, and it came out 
fter all. 


What that theory did was to show that certain well-known interactions 
en elementary particles, for example, the so-called ‘weak’ force that 
ially drives every neutron to decay-into a proton and an electron — could be 
d as part of the much more familiar electromagnetic force that acts between 
arged particles. It was a hard nut to crack. Compared with some of our 
im mathematical physicists, Salam’s methods are slightly old fashioned. But 
such magic sledgehammers as gauge fields and renormalization theory 
| delicate, practiced hand. Faraday and Maxwell would have been delighted 
s achievement, which is a bit like their unification of magnetism itself - 
lectricity, more than a century ago. 

‘is good to see science unfolding in the traditional manner. That was a 
ific breakthrough in the old style. It has opened the way to yet another 
n in quantum physics, with the goal of a grand unification of all the 
f Nature now in clear sight. Perhaps this is only a mirage — or perhaps 
er of Abdus Salam’s imaginative schemes for the ultimate construction of 
d energy has got it right, and will again be confirmed by the observation 
redicted physical phenomenon that cannot otherwise be explained. 

such prediction of his current theories is that protons themselves, the 
ding blocks of all heavy matter in the universe, should not live forever. Just 
ons, they should eventually be driven to transform themselves, into 
‘particles and radiation, by a tiny component of a universal force. 
itely, it is a very small effect. Our present-day protons should last a 
n, billion times as long as the universe has already existed — which is surely 
tle longer than it might take — for me to master all of Salam’s theories, fully, 
f, and then explain them very carefully to this assembly. 


aps, Mr. Vice-Chancellor, you will forego that pleasant exercise, and 
this world-wide scientific reputation as evidence of his eminent worthiness 
honorary doctorate in this Faculty. But first, let me present Abdus Salam to 
‘another aspect, as one of the first citizens of the World. He might be 
as just a leading British scientist, having been Professor of 
‘al Physics at Imperial College, in the University of London, for more 
yenty years. But in fact he spends a good deal of his time in Trieste, in 
|is a frequent visitor to the United Nations, in New York. He is a sort of 
‘multi-national corporation busily transferring intellectual technology to 
veloped countries of the world. 
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His homeland is Pakistan, a country to which he remains deeply att 
was born and brought up in the city of Jhang, not far from Lahiore, th 
paradise of Mughal palaces and gardens. From Government Colleg 
scholarship transported him to Cambridge, where he showed his m 
the mathematics and all the physics that any undergraduate could be pert 
study, and soon had his feet on the swiftly-rising escalator of researc 
brilliant early achievement and promise, he went back to Lahore: as 
Professor at the very tender age of twenty-five. In fact, by ordinary sti 
academic success, he was now all set for a comfortable career. 

But the next three years must have been the most miserable — an 
— of his life. The old Government College was previously one of th 
academic institutions of British India — but there was little interest i 
research. As Salam recounts it, the head of the college offered him th 
three college jobs for any spare time he might have after his teaching‘ 
could become warden of the college hostel, or chief treasurer of its ac 
if he liked, he could become president of its football club. He say. 
fortunate to get the football club — though I suspect that rival clubs 
that way! 

The most severe deprivation of those years was the loss of 
fellow scientists working on the exciting problems of the day. As he’ ang 
later, this was one of the main reasons for the dispirited research ai 
almost ail the less developed countries, I quote: “Gifted men, from co 
as Pakistan, Brazil, Lebanon, or Korea, work in advanced countries 
or the Soviet Union. They then go back to build their own indigenous 
When these men go back to the universities in their home countries,’ th 
perhaps completely alone: the groups, of which they formed a part 
small to form a critical mass; there were no good libraries, theré 
communication with groups abroad. There was no criticism of wha' 
doing; new ideas reached them too slowly; their work fell back 
grooves of what they were doing before they left the stimulating envir 
the institutions at which they had studied in the West or the Soviet Union 
men were isolated, and isolation in theoretical physics -- as in most fi 
intellectual work — is death. This was the pattern when I became associat 
the University of the Punjab at Lahore!” ; 

Even a thoroughly self-winding genius, such as a young Salam, co 
accept this danger of being slowly buried alive. In 1954, he came bach 
England, and was soon established in his chair in London. Although he ne 
his close personal and professional contacts with his home country, and | 
special pride in being the first Pakistani to win a Nobel Prize, he has ne 
to aregular academic appointment in that country. 

But Abdus Salam is a man whose heart is as preat as his mind. The 
of those anguished years of isolation did not turn sour within him; it bec: 
creative kernel of his greatest achievement. He vowed to provide the meat 
which other talented young scientists, from less developed countries, could 
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selves from scholarly death by isolation, without having to desert their 
lands. 

. Single line in his biodata records.that he has been Director of the 
tional Centre for Theoretical Physics at Trieste since 1964. There is more 
that title than the fifty awards he has won from universities and national 
emies around the world. He created that Centre out of nothing: it is now one 
“most successful and respected international institutions of our times. 
tists from developing countries come to Trieste to get the latest scientific 
to learn the latest techniques, and to meet their colleagues from both 
nced and developing countries. They come to attend advanced courses, or'to 
uietly in the library, to argue vehemently with some very bright young 
from Indonesia, or to acquire understanding and insight from a very wise 
‘ofessor from Sweden. It is a bustking railway junction of the intellect, 
ting out of the handsome buildings it acquired only a few years ago, 
ged by the brilliant improvisations of a devoted staff, and always short of 
Yet it lives, and works, and grows, and serves the whole world of the 
ical sciences. 


Tow was it done? How did that most abstruse of young professors saints 
d-headed delegates of lumbering international organizations such as the 
mational Atomic Energy Agency and UNESCO, to put their money into such 
ut-of-the-way project? How did he so befriend the Italian Government that 
gave such a support in cash and kind? In these past few years of declining 
and proliferating bureaucracy, how has the Centre managed to remain alive 
flourishing, in the interstices of a system that has brought much grander 
ects to frustration? 

The Trieste Centre was created, and continues to thrive, through a singular 
the personal will power of its Director. Let me warn you, Mr. Vice- 
ellor, that Abdus Salam is a manifestation of that imaginary concept of 
hanics — the irresistible force. Suppose he asks you to do a little favor for him 
y a three-week visit to the University of Viadivostok, you will find you have 
_three possible responses. The first is: “But Abdus that’s completely 
n by my religion. I shall be damned to eternity if I go to Vladivostok in 
” The second is: “Very sorry, old chap, but all that month I’m absolutely 
fed to lecturing in Bogota.” Most commonly, however, the only . 
degree of freedom is: “Yes — how do J get there?”’, and off you go. He 
have that effect on everyone he meets — politicians, government _ 
international bureaucrats and fellow scientists. He impresses and’ 
es by the integrity, purity and singleness of his purpose, put into the 
his fellow men. 

ginally, the Trieste Centre was for the highest of pure science, setting 
s of excellence for Third World physics at the most advanced level. But 
§ own experience, both in directing the Centre and as a participant in 
-policy- making for successive governments of Pakistan from about 1960 
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to 1974, taught him to widen the objectives of science for countries struggl 
economic and social development. Over the years, the program of assoc 
advanced courses, seminars, workshops and conferences at Tries 
broadened, to foster and coordinate research in all fields of applicable s 
Salam speaks now for the special role of the trained scientist in this develop 


which will-make that role attractive and productive. He has thrown his 
charisma, and the immense prestige of his Nobel prize into a worl 
campaign to establish the essential infrastructure, that can give aid and ad 
the smallest and poorest nations in their efforts towards self-development 

In both spheres of philosophy, natural and social, Abdus Salar 
continually to ‘connect’. Along that way he has already achieved. .su 
unification of Nature, such a realization of the ideal of human brotherhood; 
is very proper that we should do him honer. 

Mr, Vice-Chancellor, I present to you Abdus Salam as eminently wo 
the degree of Doctor of Science — honoris causa.p 
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slindness of the Third World 
Denzil Peiris 


Science (meaning widespread dissemination of scientific knowledge and 
ttitudes) and support for scientific institutions must precede thé transfer of 
“technology, Dr. Abdus Salam insisted when J talked to this Nobel Prize winner 
“in his sparsely furnished cubicle crammed with journals and papers in the 
“Physics department of the Imperial College in London. On a blackboard, 
* embedded in one wall, he had set out a seemingly abstruse formula. Despite the 
heights at which his intellect functions, the professor is down to earth and 
nformal. “Let this interview be rambling,” he said. So, he ranged over the 
mportance of basic science for the Third World, the arrogance of bureaucrats 
“and lack of rulers with a vision. Yet all of these were strung on a single thread — 

what is it that frustrates science in the Third World? “The older I grow the more 
“I feel amazed at the blindness of the developing world towards these really 
fundamental issues,” an exasperated Dr. Salam said. 


bdus Salam: I was just interviewing a Greek student, he has read very 
nd he came to ask “What should he do next?’ I told him that it is very 
1t for people in developing countries to realize that science is highly 
sional. The days when you thought you reached the truth without being a 
onal experimenter or a professional theorist are gone. I said our failure 
“Salam meant the “developing countries’ ) is quite often that we do not 


ow much professionalism there is in science. Nor do our economists 
nd that when they ask for technical fix and think it can be provided on 
and that they are wrong. Unless and until basic knowledge has been 
ulated no technical fix can be achieved in this age when science must 
ede technology. 

@ as an example the field of energy. The economist thinks that by 
ding’ vast quantities of money the energy problem will be solved by the 
jeople — “Oh yes, they will come up with a solution.” Unfortunately, so 
the long term solution is concerned, this is not true. For example, at this 
= simply does not exist accumulated data of basic knowledge in the 
fusion or photolysis - splitting water into hydrogen and oxygen using 


& last century, there was a vast amount of purely scientific knowledge. 
cal fixes from now on are going to take much longer. There will need 


: Salam’s Interview with Denzil Peiris. South, Colombo, October 1981. 
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to be a scientific base which may not exist in many cases, and which 
creating. And this is more true for problems peculiar to developing c 
which the scientific community in the developing countries has had nc 
consider solving or accumulating ideas and data-bases for. ; 

I spoke earlier of professionalism in sciences. Discovery in scienc 
one has to eat one’s heart out and one needs all the help one can get 
who provide administrative support for science in our countries. Unfo 
most of these people don’t understand the process of science. Their thi 
like this: “I have given this man the opportunity to do a Ph.D. Why h 
become the last word in the subject?” It is not realized that in science a 
just a very first step. After that you need an apprenticeship of three to fc 
of continuous rubbing shoulders with your colleagues, to acquire maturi 
you are able to produce some good work. And to produce go 
applicable sciences is even harder than in pure sciences. (Dr. Salam ha 
Trieste an institution at which theoretical physicists from all over the w 
and meet their colleagues from developed countries in this field, and pur 
own research in an atmosphere congenial to creation of ideas.) 


Peitis: You say you sei up this institution at Trieste. And that is a very er 
So there is one institution at least on theoretical physics which can do 
what about other disciplines? None of us, individually, can afford 
single such institute in our countries. 


Salam: You are right in asking this question, When I started the Tri 
had hoped that there would be similar institutes in chemistry, in mathet 
geophysics, experimental physics; all the disciplines which we need very 
am talking of basic sciences. Regretfully, the idea has simply not been: te 
by anyone else in other disciplines. 


The people in rich countries do not need such institutes. They have the 
and they are not going to do something for developing countries ou 
goodness of their hearts. Nobody does this. The developing countries’ 
make a beginning. But most in our countries don’t realize the importance. 
I was very glad to read recently that in Sri Lanka one of your brigh 
physicists now in this country (Britain), Dr. Nalin Chandra Wickremast 
(professor of applied mathematics in Cardiff University), who has been w: 
- with Fred Hoyle had the idea of creating an institute like the Trieste Centr 
Lanka. I think he persuaded your president (J.R. Jayewardene) to help 
foundation. Last year I heard that it had been set up. I haven’t heard an 
more about it but it pleased me immensely because here was another initia 
the right kind. I think the whole ethos of starting such a thing in a develo, 
country is a remarkable thing and I am pretty certain that it will: 1 
development of science in Sri Lanka. 
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tis: Now do you see this as being done by one country or do you think it 
uld be on a regional basis, and how would you set about it? 


alam: I would have liked the following to have happened: I would have 
d each country to specify one or two subjects. Not by the administrators but 
the scientists. These centers could be on basic sciences or on the interface of 
ic ‘and applied science or possibly, if the country is prepared for it, on purely 
lied subjects. The center should be international because that is the only way 
aintain quality. 

uch a center would cost one or two million dollars at least. Most countries 
¢ developing world say they will not be able to afford it. Personally, I think 
can afford it. The only worrisome thing is that such a thing would be out of 
with what they are doing for the rest of their educational and scientific 
re. If you set up in the country an institute costing one million dollars there 
e such a vast discrepancy with the desert around the institute that perhaps it 
cause an uproar. I would welcome this, because it may pinpoint the fact that 
est of the scientific and educational effort is being conducted at a very low 
-of funding. 


You would see a justification for it, nevertheless? 


Salam: I see a justification. What I was going to suggest was that at this stage 
like the OPEC fund, funds like the UN Interim fund, these should come 
ay and they should then help from external sources with some of the 
ing of such a center. That would be the pattern that I would have liked to 
seen started. But such centers of excellence should be created on an 
national scale. Not on a national or regional basis. 


‘Coming back to what you call “a center of excellence” — it is a massive 
rising out of the plain, with its underdeveloped basic science. What 
ment would you use to present the case for such an institute ? 


alam: In Pakistan, I am suggesting that there should be two centers which 
oth “applied” (sciences). One is a center for waterlogging and salinity. It is a 
ig problem of ours, and simply not enough research is done. The same 
lem exists in other countries as well. Then there is the second problem of 
ral ‘resources. I was suggesting that both these centers should become 
tional centers. Examples of such centers in the applied field are the center 
ico for wheat (CIMMYT) and the International Rice Research Centre in 
Philippines (IRRI). The Pakistan government has asked the Italian 
ment to help in setting up these. In addition, what has pleased me very 
is that some industrialists in Pakistan have staried to think in terms of a 
x basic sciences. They are trying to gather some funds and set it up. It 
‘about a million dollars, something in that order. 

ow would this center benefit Pakistan? Suppose this center specializes 
sic: biological sciences. From this could be born the movement towards 
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biotechnology. Or the center may specialize in quantum electron 
applications to solid state devices. In this day and age when one can se 
material superiority of the West, and now of Japan, lies in scie 
technology, it only amazes me why our countries are so blind that the 
understand this simple fact. 


Peiris: Jsn’t this something to do with economic structures? In the sen. 
rich of these countries are more interested in serving as merchants, fo 
or in an inferior capacity as compradores. In fact, what you said strik 
Mr. Homi N. Sethna (Chairman of India’s Atomic Energy Commissi 
back from Washington recently. He was addressing the Indian Cham 
Commerce. One member suggested that India should import technology 

away. This is the quickest way of making one’s money. 


Salam: The industrialist was right so far as his money was concerned 
are similar so-called entrepreneurs, in other countries who would simp! 
ready-made goods. But is this good in the long run? : 

Yet even this class would realize that someday eventually they. 
support their indigenous science and technology. And here the poi 
making earlier was the distinction between science and technology. Scienc 
precede technology. 

It is just impossible to talk of technology transfer. One should talk 0 
transfer first, and technology transfer later. Today technology has nothin 
with the way technology was developed in the late 18th or 19th century, | 
and error. It follows science, Unless you are very good at science you w 
be good in technology. 


Peiris: Basic science? 


Salam: Yes. By basic science I am not referring to the sciences of cosr 
or of theory of numbers. I mean basic quantum theory which is at the he 
solid state physics and eventually of solid state devices, basic mathemat 
computing, basic modern biology at the heart of biotechnology and the lik 
then there is craftsmanship. That’s the pride in a craftsman. This is, of cour 
second thing which has to be allied to science. I live in Italy: The d 
craftsmanship that you find there is allied together with very good science 
example, the craftsman needs materials. Modern materials are created 
scientist. They are produced by the technologist. They are worked oi 
craftsman. There is a three-way collaboration. We must recognize this. 
country has an excuse for not building up its scientific, its technological: 
craftsmen base. I cannot find any excuse. I’m not saying great cent 
scientific research should be set up on subjects which are totally irrelev 
country’s needs. I’m not saying that a poor country should be doing 
sciences. But a certain degree of science. In Kenya they have set up” 
wonderful institute of insect physiology. Some may say it has nothing to d 
Kenya of today but it would be a very short-sighted person who would say tt 
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Wouldn’t this have any links with pests? 


am: Of course it would. The few million dollars which Kenya is spending 
I think, one of the best investments being made. A faix fraction of the 

re coming from outside — from scientific academies. 

Kenya is to be congratulated. As you say it is the merchant mentality. 

é can get rid of it, I don’t know. 


You were also talking at one stage about the fact that the bureaucracies 
dominated by the classically trained people. Concentrating entirely on 


This is true of this country. My own feeling is that Britain’s decline 
ome measure be attributed to its non-professional bureaucracy. In 
ast, France has a professionally trained bureaucracy, with roots in Ecole 
le Superieure and Ecole Polytechnique. These great schools provide them 
ie civil servants who are at the top. People — like the former President of 
Giscard, professionally trained engineers, economists, technologists. | 
enault — a state industry — is not run by someone with a training in Latin 
reek. Likewise, other enterprises of state are run by people who are 
sionally trained. 

in, on the other hand, believes in the training of the classics. And we, for 
s, have inherited this tradition. Our top civil servants pass one examination 
ge of twenty-three taking history and Persian as the soft options. That one 
ation determines the entire career. Whether you will be in the civil service 
foreign service, or the audits and accounts service. 

are told what we need are dedicated amateurs. We have not realized — 
untry hasn’t realized — that the day of amateurs is past. Long past. The 
that you can see in twenty years this country has not half the GNP of 
t used to be twice that. I blame the civil service because the civil servant 
1 backbone of any country. An incompetent civil servant is what 
a country. 


But do you see any way of stimulating this interest in science and 
ey? This is true of most developing countries that there is a lack of 
In science and technology. . 


: This is a very difficult matter. I think this is something that you can 
or. [A long pause] You see I don’t know how you can create at a 
a class of men (of administrators interested in science) and let them 
heir head. It may happen by accident. For example, take this country in the 
ry. How did it consciously or unconsciously create the empire? There 
én: here who were motivated. But why? Whenever I visit the gaunt 
“of our northern frontier (of Pakistan) the thought comes to me: there 
é one Englishman in this whole division and he had the guts to say 
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“Here I am the ruler.” What was impelling these men and where have 
now? 

The same thing is true for the science and technology. Either you 
who acquire science and technology and apply it in the service of soc 
don’t. I can see that some countries are coming up in this respect. : 

For example, just now I was talking with a Greek student. Gr 
suddenly decided, for some reason, to take up science and technology. 
fascinating to see their growth in my own subject, physics. I see man 
people who are very good in physics. Greece has, because of the Europe 
idea, decided to join the Centre for European Nuclear Research in Gen 
will pull them up more. Now Turkey is their neighbor. It has similarly 
people. But Turkey has made no conscious decision to join the Europes 
for Nuclear Research. In the case of Greece they have decided to spend 
on science — on basic science. Basic, pure, theoretical and experimental 
of high energies. Why? I do not know the social reason. 


Peiris: You mentioned South Korea as an example of a country which enc 
science and technology. What do you see as the special factors that ma 
Korea recognize the need for science and technology? 


Salam: Again, I do not know. I was in South Korea in 1978. For 
they had a conference on our subject. That was following a conference in 
and they took advantage of a vast number of people being in Japan, 
them over to Korea. On the plane I got a newspaper. The newspaper had a 
headline. President Park had made a declaration that day: “Korea’s goa 
to beat China in science and technology.” Imagine this as the goal set o 
small country like Korea trying to compete and beat China. But that was 
of ambition that made Korea a science-conscious country. I don’t thi 
happened overnight. Set your goal high and then work towards it. 

The same was the case for Japan when the Meiji revolution tool 
towards the end of the last century. There were five articles in the constitu 
Japan. The fifth article was “Knowledge will be acquired wherever it ‘cé 
found.” Knowledge meant science for the Japanese. The same thing happenec 


Sweden a hundred years ago. Can you believe that one hundred and fifty ye. 
back Sweden could not feed itself and had famines? It happened also in 
Lenin and then after that Stalin made it a part of Russia’s state policy. An 
Russia this was not new. “Science will be developed,” Peter the Great decree 
the conditions of today I am afraid science cannot be developed without 
backing. 


Peiris: I think it was Nehru’s contribution that he had a sense of the “mani 
destiny of India” and therefore this had to be buttressed by science 
technology. 


Salam: There is an interesting point here. Nehru was advised by Profes 
P.S.M. Blackett who was head of this department (department of physi 
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College). Now Blackett was exactly opposed to my view. He thought 
ic science was not needed in a country like India, that only technology 
eded. He had his famous phrase: “There is a world supermarket of 
ogy; go and buy in it.” Therefore; Nehru did not set up any great scientific 
ents on basic sciences. He set up a number of national laboratories on the 
f some in this country for applied work. Ever since there has been a 
ng battle within India, within these laboratories, for getting basic 
nto them and in fact this is what has happened in India, in spite of the 
Nehru got. To take an example, the Atomic Energy Commission of India 
aded by Bhabha. Bhabha had the same vision I am advocating. That man 
basic science as well as nuclear technology in his institutes. 
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A Genius Called Abdus Salam 


V.S. Venkatavaradan 


Professor Salam visited India for 21 days and captured. 
public imagination. Following interview gives a glimpse 
creative mind of a great scientist. This is a partial text of tl 
interview. 


Question: When did you decide to become theoretical physcist? 

Dr. Salam: When I went to Cambridge; it was my idea to get a tripe 
1948 I did mathematics. I had by then already listened to the lectures 
and Pauli and I drifted more and more towards physics. In 1948, wh 
finished my mathematics course, I still had one year’s scholarship on’ -and 
almost decided to do physics. 

Fred Hoyle, my supervisor, said to me that if I wanted to become | a ph 
I must do experimental course, otherwise I wouldn’t ever be able to 
physicist in the eye, “You follow me? In order to be able to do well in yor 
life,” he asked. “Physics is experiment, not theory. Science is experiment 
Indians are very good at theory. You must, even if it kills you, take this la 
for experimental physics.” I told Fred Hoyle, “Sir, for the last four or five ye 
haven’t done an experiment.” “Never mind,” he said, “you must. d 
experiment course.” I finished the two years in one year. . 


Q. At Princeton did you work with Einstein? : 

Salam: Einstein was out of bounds for us, but still I had a long chat. wit 
From Princeton I returned to Lahore. It was at this time that I visited Bc 
Pauli was also in the city then. 

I was the only theoretical physicist i in Pakistan at that time. I therefo 
lonely — theoretical physicist has got to be able to talk, to discuss, to shout 
be. When Pauli came to Bombay he sent me a cable saying he was alon 
wanted me to come and talk to him. So I took a plane from Karachi and 
his hotel. I went up to his room and knocked. He told me to come in and wit 
a word of greeting said: “Schwinger is wrong, I have proof for that.” 


First published in The Hlustrated Weekly of India, Bombay, India, 


February 1, 1981. 
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What was the feeling when you learnt that you had been chosen for the Nobel 


lam: I think one should realize that prizes are not something which you can 
for. They are God’s gift. (According to The New York Times he is reported 
ve said: “My first reaction, of course, is the greatest gratitude to Allah who 
uided our thoughts jointly in the way the truth lies in finding out the laws of 
.) 


here were you when the prize was announced? 

alam: I was in London. It was at 12 o’clock that I received a telephone call. 
Director General of IAEA, Dr. Eklund, happened to be a Swede and he 
f was a member of the Academy. But he was not going to tell me about 
etting the award until the actual announcement had been made. The first 
I received-was from Eklund’s assistant. Then came the confirmation from 
én itself. Immediately I drove to the mosque and did what is called Namaz-e 
rana, the prayer of gratitude. 

he Newsweek described it as “the research that represents an extraordinary 
vement of the human intellect — a triumph of ideas which like politics, 
and what have you should be part of human culture.” 


at are the implications of your work for the layman? 

alam: Newton’s unification had no practical significance for the layman for 
y three hundred years until the launching of the satellite; and mind you, 
ton’s unification was a tremendous feat — an intellectual tour de force. 
axwell’s unification, on the other hand, had the greatest practical 
ficance for mankind in a mere ten years after the Scottish scientist’s death. 
nstance it was found that a rotating electric charge produces magnetic forces 
radiation of heat and light, etc. 

Now in our case also one may have to wait for three hundred years. One 
ows — there is nothing that I can think of at the moment except that some 
le have suggested that our theory provides the raison d’étre for what is 
handedness of biological molecule. It is believed that the atomic potential 
it left-right symmetric because of this interposition — because of the unity 
1¢ nuclear force. 


you believe in destiny? 

am: I don’t know what destiny is. All I can say is that I am continually 
@ amazed at the depth revealed at each successive level we explore. 1 would 
te to you a prediction which Oppenheimer made more than twenty-five 
ago and which has been fulfilled today in a manner he did not live to see. 
will change even more. ... If it is radical and unfamiliar. ... We think 
future will be only more radical and not less, only more strange and not 


Q. How would you comment on the view about the ultimate “unknowabilit 
the universe? And what about the despair which many eminent physici 
expressed? 2 

Salam: My own reaction is totally different. I feel we should go to tl 
of what we can do. We should not speculate and worry about not being ab 
things. That I think was also Einstein’s attitude (although he is believed 
said that God did not play dice with the world). Somehow the other, th 
despair just does not enter my mind. As I had said earlier, my feeling 
wonder. 


Q. Is this sense of wonder that drives you on? 
Salam: That’s right. That is my inspiration. People have different 
driving forces. My colleague Weinberg has remarked in his book Fis 
Minutes that life is so miserable that the only thing which makes it worth 
the charge given to us to indulge in the scientific endeavor to understand 
know. 
We are reminded of Einstein's words that ‘the serious research schol 
materialistic age is the only deeply religious human being.” 
Einstein defined religion as the discovery of the basic laws. He w. 
religious in the sense of wanting to discover the fundamental laws by whi 
Lord has created the world. 


Q. What is your concept of God? 

Salam: There are many concepts of God. For instance, there is the con 
God as the Law Giver. And there is the God of Moral Order. If you do w 
outcome would be good. And if you do evil, you will reap evil. Mos 
believe in such things without ascribing them to God of Moral Orde: 
people believe in a God of History, a God who controls history. Then the. 
personal God to whom we pray. 


Q. Could you describe your philosophy of prayer? 
Salam: It is very difficult for a physicist to discuss prayer. I don’t kno 
it does to you, 


Q. What do you think of Sufism? 

Salam: I am deeply interested in Sufism but do not claim to be a Sufi'm 
My father is someone with direct personal experience. My father was a Su 
Allah grants me such experience I will be grateful. I doubt if physics ¢ can 
any special perspective. All you can do is do physics as physics. 
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ou believe in ESP? A number of scientists and astronauts do. 

alam: No, I don’t as a scientist. But if I get scientific evidence for such 
omorrow, I will believe in it. I am a product of purely empirical European 
should not say. European — the scientific tradition is not confined to 
t is universal. That is why I respect Aryabhatta. He was a real scientist. 
runi was areal scientist with an absolutely rational approach. 


was the Nobel ceremony like? 

am: The Nobel Prize ceremony is a wonderful experience. For ten days 
the guests of the King and Queen of Sweden. In the first seven days, 
ay there was a party at which the main thing to do was to drink. They 
date you in a hotel and all. your expenses are paid for including 
ast; but they don’t pay for lunch and dinner. Probably they feel that various 
which you are invited take care of your needs. 

award ceremony is well rehearsed. On the day the awards are presented, 

and Queen wait for you and your arrival is announced with the blowing 
pet. When the trumpet sounds, you walk along and when it stops you 
top. Then there is a citation and then again the trumpet sounds. You receive 
nd bow to the King and Queen and walk back. 

e.winner of the prize for 1979 in literature was a Greek poet — Odysseus 
When he came to Sweden, he was ill shod and he bought a pair of brand 
shoes for the great occasion. As he walked up the smooth floors of the Toyal 
receive the prize he slipped and fell. 

d taken my grand children. One of them who was just three years old 
alking during the function. And his was the only voice heard in the royal 
ing the function. Such a thing had never happened earlier because 
ily Nobel laureates do not take their children or grand children along with 
they go to receive their prizes. 


any children do you have? Are they interested in physics? 

ave five. The eldest, a girl, has a Ph.D. and is doing cancer research. But 
e others are interested in pure science except perhaps the youngest who 
ttle over five years old. 

other day he wrote to me: “Dear Daddy, do you know what is infinity 
nity? I do, It is a big zero.” Then he gave me some sort of an idea of 
¢ points in a circle — starting at a point in and returning to it. When I told 
inity plus infinity was very special, he was very reluctant to accept it. He 
hree infinities are infinity but four are back to zero.” 


i give him special attention? 
: I would like to. But he is so independent, so reluctant to accept any 


reminds me, the first research paper I wrote was literary — establishing 
0 Which the poet Ghalib changed his nom de plume. The Illustrated 
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Weekly once had rejected a short story I had written. But the Weekly did pu 
short article in the early forties. [ have forgotten the title; it was an ado 
literary effort. : 


Q. People say the receipt of Nobel Prize often signals the end of a 
career. If the recipient is a scientist, his work suffers on account of : 
exposure! 

Salam: That is absolutely right. 


Q. Have you got to give up active research? 

Salam: No, no. Look here, I am spending twenty-one days in India 
trip. I have never spent twenty-one days on anything like this befo 
everybody tells me that it’s very important that I should talk to peopl 
incredible that I have spent a month already talking, preparing my lecture: 
It’s incredible strain.g 
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hysicists that Changed the World: 
oung Masters: Abdus Salam 


C.P. Snow 
Man of Letters, Author of Two Cultures, 
London 


instein and Bohr were still alive, that great debate of theirs would take on 
er lease of existence. Theory has reached a climatic point — this is the 
limax, and not the final one, of a series of revolutions which began in 
ith Planck and his quantum of radiation, climbed up to the heights of 
ind Bohr, consolidated itself with Dirac and Heisenberg, as always in 
rawing in many minds along the way, and is now expressed by Gell- 
, Ne’eman, Salam, and a dozen others. 

se who have contributed to this intellectual edifice — it is not a rhetorical 
0 say with a cool mind that it is the major intellectual achievement of 
ntury, and will be so regarded by our successors — have come from nearly 
untries, different forms of society, different ethnic stocks. The names in this 
ell their own story. There have been Americans, Russians, Germans, 
alians, British, and Japanese. A statistically disproportionate number 
wish origin. 


re is someone who ranks with the most eminent who should be 
ed. This is Abdus Salam who has over the past twenty-five years been a 
the theoretical developments [in Physics]. Salam was born in a peasant 
Pakistani village. He managed to get a place in the government college 
Aore. Conceptual and mathematical ability is easy to detect at a very early 
n Salam’s case some enlightened administrator apparently did so. After 
e was dispatched to Cambridge, studied with Dirac, and since then has 
ve career of continuous brilliance. 

“a citizen of the world and has devoted much of his influence and 
to help educate young scientists who come from provenances as 
ileged as his own. To this end he established the International Centre 
ical Physics, an institute which has its home in Trieste, thanks to the 
of the Italian authorities, and Salam has vigorously commuted between 
: and his home and professorship at Imperial College in London. The 


The Physicists: A Generation that Changed the World, by C.P. Snow. 
Papermac, 1982, pp. 149-50. 
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Centre has had many successes in developing the progress of scientist 
races. Few men have done more good than Salam for the talented poor. : 


It happens that Salam is a devout Muslim, believing passionate 
highest axiom of Islam, the essential brotherhood of man. It is good for 
reminded that men like Salam can translate this axiom into action. 


Incidentally, Salam is probably the only committed religious believer. 
doctrinal sense, among all the great theoreticians. Many have had deep religi 
feelings, as Einstein had, but couldn’t accept any creed or belief. Mo 
reverent in the face of nature, had their own personal morality, sometim 
towards the religion in which they had been brought up, but in which the 
to find meaning. But Salam is, in the full sense, a religious man.o 
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w I discovered SU(3) 


Yuval Ne’eman 
Professor Emeritus, 
University of Texas, Austin 


I arrived in London at the beginning of 1958. I wanted to study (general 
tivity) which had attracted me as a student, and found out that the place for 
‘was King’s College, with the astrophysicist Bondi. 

However this institution was located in a region of high traffic, and I soon 
ized that it would be quite impractical to work at the embassy in the west of 
don, and study at a college in the east of the city. So I settled for Imperial 
“College, which was a five-minute walk from the Embassy. 

My choice of a supervisor for my thesis was somewhat incidental. I 
sulted the College prospectus and approached one of the professors whose 
‘appeared under “Theoretical Physics’. I told him about my interest in 
in’s unified field theory, to which he replied that he did not know if anyone 
; still working on that, but Abdus Salam and his group in the Mathematics 
ment were working on field theory. 

I came to Salam, presenting the only letter of recommendation that I had, 
ch was from Moshe Dayan. Salam laughed and commented: “What can a 
ieral know about scientific abilities.” 

evertheless he agreed to take me on probation, on the strength of my degree 
‘the Technion-Israel Institute of Technology — and the recommendation 


had missed the first term, and had to absent myself from some lectures in 
‘cond term too, when my duties as a defense attaché interfered. Eventually 
1960 I resumed my studies with the status of an officer on leave with a 
ar scholarship from the Government. 

as captivated by group theory, which I had first met in Salam’s course. I 
d group theory from a textbook by A.B. Dynkin, translated from Russian. It 
salam who suggested that 1 should study Dynkin’s work. He understood that 
terested in classifying the particles and finding their symmetrics, when on 
is of my rather scanty knowledge of group theory I began to suggest 


en I first showed him my suggestions, Salam told me that they had 


rpt from Yuval Ne’eman’s book The Particle Hunters (Cambridge: 
idge University Press, 1986). 
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already been attempted five or six years previously. My next proposals, hi 
me, had been suggested by others two or three years before. I felt tha 
getting nearer to the present. However, Salam was skeptical. 
He proposed another subject, and when I insisted on trying to classi 
hadrons he said: “I wanted to assign you an easier problem, on the assumpltior 
that it would be better for you to produce a complete work during one yea 
leave from the army. However, since your mind is made up, do it your wa’ 
you should know that you are embarking on a highly speculative sea 
indeed you have already decided, at least do it properly. Learn group. th 
thoroughly.” 
So he recommended Dynkin book. I learnt Dynkin’s work and was now at 
to define what I was looking for: a rank two Lie group which would permit 
classification of hadrons according to isospin and strangeness, in a mann 
would fit the properties of the observed particles. I found that only four’ gt 
might do the job, and began to examine each of these separately. : 
I remember that one of them (called G2) yielded diagrams in the shap 
Star of David, and I hoped that it might be the correct one — but it was ni 
the other hand SU(3) gave a perfect fit. 
I finished my work in December 1960, and discussed it with Salam 
submitted a paper for publication early in 1961, and it appeared shortly after 
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bdus Salam 


Rushworth M. Kidder 
Staff Writer, The Christian Science Monitor, 


Philadelphia, USA 


1¢ International Centre for Theoretical Physics perches on a pine-covered 
verlooking the sapphire-blue Adriatic. But the director’s office looks out 
ack into the side of a hill. The location seems somehow in character for 
Salam, whose purpose lies less with elegant vistas than with little-known 
is of the world — and who, despite his Nobel Prize for Physics, typically 
es himself as “a humble research physicist from a developing country 
an).” 


sked about his agenda for the next century, he responds without hesitation. 
sal issue, to my mind,” he says, “is the great divide between the South and 
h,” referring to those regions of the globe roughly representing the 
oping and the developed nations. 

lthough he speaks softly — from a desk chair facing a framed photograph of 
Einstein and a blackboard chalked with mathematical formulas — his 
carry fervor. 

‘his “great divide” between the developing world and the industrial nations, 
ains, arises from the fact that each side has a completely different set of 
ms. The major 21st century issue facing the North, he says, is the arms 
and the threat of nuclear warfare. The problem facing the South is the threat 
ation and utter poverty. 

king up a copy of Ideals and Realities, a collection of his essays, he turns 
iece he wrote about A!-Asuli, an 1]th century Islamic physician. Al-Asuli, 


r. 

Al-Asuli were alive today, Dr. Salam says, he would make the same 

on. “Half his treatise would speak of the one affliction of rich humanity — 
iosis of nuclear annihilation,’ he says. “The other half would be 

ied with the one affliction of the poor — their hunger and near starvation. 

t perhaps add that the two afflictions spring from a common cause - the 

science in one case and the lack of science in the other.” 


rinted from The Christian Science Monitor, 1986. 


i int ere tel 
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For Salam, the operative word here is “science” ~— which he is car 
distinguish from “technology”, or the application of scientific know. 
human problems. One great difficulty for the developing world, he ex] 
the misplaced assumption that sharing the latest in Western ma 
communications, and transportation — technology transfer — will be a pa 
the South. 


“Technology transfer is something the South has asked for,” Sal 
“and the North is resisting. Quite rightly. I don’t blame [the North] 
second for not giving technology as such. Why should you? Why. 
anybody part with things that nobody else has helped to create?” : 
“That’s where the bread and butter is concerned,” he adds, referrit 
central role that the sale of technology plays in the economies of the ind 
nations. 
Instead of technology transfer, Salam says, the South in the coming c 
should be asking for a transfer of the basic science out of which technologi 
‘spring. “I wish that the North could decide to give the South as much s¢ 
possible. Why this insistence on science?’ Because “science is the: 
technology in the present day.” He cites the case of Japan. Over the y 
Japanese invested heavily in learning “all of science at a very high len 
then they were really successful in their technology.” 
Similar things are beginning to happen, he says, in five of the deve 
nations: Argentina, Brazil, China, India, and South Korea. He is 
impressed by the latter country, which he recently visited. a 
“They took me straight away to the television studio — two and a half 
long interview,” he recalls, “in which they said, ‘We have made it a 
objective to win Nobel prizes. Can you give us advice?’” 
“J told them they were being silly,” he says with a chuckle, adding tha 
may or may not get Nobel prizes.” But he notes with approval that “the v 
that they made it a national objective is a very important thing. That means 
they will stock up their libraries, they'll get scientific literature, they’1] fun 
of fellowships, they'll do everything possible to make themselves i 
scientifically advanced country.” 
And that, he suggests, will do more for South Korea than any amout 
reliance on Western technology. 
As he looks forward into the 21st century, Salam distinguishes several 

of science that will be practiced. The first he calls “science for science’s 8 
the most basic and theoretical research, producing discoveries that some 
unappreciated for decades. In general, he says, such research is “probabl 
healthy state,” despite the never-ending battle to pay for it: 
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No Science for the Poor 

‘Then there’s science for man’s sake,” he says, a category he breaks down 
three parts: “global science, science for the rich countries, [and] science for 
‘poor countries.” 

“Science for the poor doesn’t exist, simply doesn’t exist,” he laments — 
ugh he notes that the poor countries have plenty of problems that science 
d help resolve. He cites the current medical concern over AIDS (Acquired 
mune Deficiency Syndrome): “As long as it remained in Haiti, nobody ever 
thered about it.” Now that it has come to Europe and America, “it will get the 
ention it deserves.” 

‘It always deserved that attention,” he adds: wryly. 


And what about science for the rich countries? That, he says, gets entangled 
defense spending — which, he says, accounts for half of all research spending 
the developed world. 

‘or Salam, in fact, the real threat of the nuclear arms race is not that it might 
é ultimate holocaust. It is that swelling defense costs will sap resources 
d to combat the rest of humanity’s problems. It’s a line of argument, he 
‘elaborated by President Dwight Eisenhower. “Eisenhower [made] it very 
at every single B-52 bomber that is made in America is depriving not only 
oor in the Third World, but also Americans, of sustenance, of shelter, of 


‘If Eisenhower were alive, he would be just aghast” at current levels of 
nse spending and the lack of attention to the developing world. Referring to 
ve defense spending in the North and developing world poverty, Salam 
“Unless you are conscious that the two problems are connected, and that 
eloped nations} are squandering the wealth of this world — not only the 
th of this world but also the time and the energies of its scientists and its 
hnologists, which could be used toward bettering humanity — you’ ll never get 
ips with” the basic challenge facing the 21st century. 


But what about the peacetime spinoffs that arise from defense-based 
search? “The statement that defense expenditures have ‘fallout’ is rubbish, total 
bish,” Salam says flatly. “And the statement that since you invest in ‘star 
you will do your toothpaste better is [also] total rubbish.” 

What’s really needed, says Salam, is not the ‘fallout’ from defense projects 
a concentrated effort to study some of the developing world’s most pressing 
lems — starvation, for example. Although Salam supports the idea of food aid 
veloping nations, he sees it as only a “short-term business”. The root of the 
em is “food deficiency, drought, and desertification”. 


fhe Basic Problem 
“This is the basic problem to be solved scientifically,” he says. But across 
of the developing world, he points out, “there are no scientific studies at all 
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of climate [and] of the underground water situation in the deserts — wheth 
are underground lakes, and so on.” The lack of such studies ~ which are ¢ 
enough in the developed countries — supports his contention that “science 
rich” is something quite different from “science for the poor”. sles 

One problem in conducting such studies, however, is that they fre 
transcend national boundaries. 

For that reason, they fall under Salam’s third heading of “global sci 
the study of the largest interdisciplinary and international issues concernit 
global environment. 

On this point, he expresses profound pessimism. “There’s no seh thi 
global science as a subject,” he complains. Even the disappearance: 0 
forests, which is commanding increased public attention, is not being consic 
in global terms. 

“People do not take [the rain forest] as a global asset,” he laments. “4 
take it as a problem of Brazil, a problem of Malaysia. How many govern 
are willing to spend money on that sort of thing? None. Zero.” The prob 
the lack of “the scientific infrastructure to look at the global problems.” - 

“Everybody seems to be for himself,” he says sadly. “There is no 
vision at all, It’s the lack of global vision that worries me, really. It’s the is: 
globalism which is missing in science, which is missing in the food pre 
which is missing in the health problem. ” What is needed is “a vision of 
which | don’t see any statesman having.” 


From his position as an administrator, Salam says he clearly sees the n 
sources of funding that would encourage such globalism. He adds that 
funds, if they are to come, will have to come from the developed world. 

But he again rejects as “rubbish” — one of his favorite words — the idea 
“if you save funds from nuclear [arms limitation] you will put them into 
welfare of humankind.” The temptation, he says, will be for rich countries simp. 
to funnel the savings back into tax relief — “making the rich richer and the po 
hungry man’s soul sink lower”, ! 

“The whole attitude has to become very different,” he notes. 


Why Turmoil Could Spread 

And if the “great divide” between the rich and the poor nations is not close 
Salam says that it will be increasingly “hard to ignore [the developing countri 
problems in the 21st century” for two reasons. 

First, he says, the North will no longer be able to “insulate itself” politica 
from the South, If the gap is not narrowed, he says, “What will happen is what 
happening already in the Third World” — turmoil, military governments, unre: 
and “people on top of each other.” 

Second, he notes that the world-wide environment “may be affected Py lac 
of attention to the global problems and to scientific globalism.” 
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‘In that sense,” he says, “no parts of the world are going to be safe from the 
ling of turmoil. At the moment, it doesn’t [seem to] affect Americans to have 
arving Africans at their hands. They may very well say, “Well, if they want to 
rve, let them starve.’” - 
‘But I don’t think man lives like this,” he says. Speaking of rock star Bob 
Ido? s efforts to raise money for African famine relief, he says, “T think the 
fs of this world make their point when they show what can be done in a 
way.” 
What, then, does he hope will close the gap? He would like to see industrial 
ions “specialize” in providing the scientific training to elevate the developing 
ions. “For example, higher education may be taken up by Britain and the 
ited States. The Russians may take up lower education. The Japanese and the 
rmans will be asked to do technology.” 
That,” he concludes, “will be my vision of the future.”n 


ww nate ier ortce 
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Pe, 


A Review of the Italian Edition of 
Abdus Salam’s /deals and Realities 


It is difficult to find pages as vibrant with human warmth, religious 
political and moral duty and scientific depth, as in a recent collection of 
(larger than the English edition) of Abdus Salam “Servant of Peace’, which 
literal translation of his name, entitled Ideals and Realities (Trieste, 
Edizioni Lint). Perhaps the Thoughts of the Difficult Years of Einstein ma’ 
able to produce the same emotions in the reader. 

Having to say it schematically, one may say that the Physics Nobel Lai 
Salam is at the same time two persons who combine only rarely; but whe 
do, they produce a miracle of humanity. Abdus Salam is a scholar and a si 
a scholar, that is, as a scientist, he is the last great follower of an ancient trac 
of physicists, for whom the intellectual scope of science is the unificatio 
laws of nature consisting of a few principles, to a grand unification of on 
principle. In this search of the “arche”, which began in Greece, and con 
Islam (Al-Biruni sustained that Nature had the same laws everywhere, on 
as on the Moon), and materialized with the encounter of these two civili 
beginning with modern science, from Galileo to Einstein, Salam has: 
fundamental contribution with the electroweak theory for which he rece 
Nobel Prize in 1979. 


As a sage, Salam is again two things: he is a man profoundly religiou 
finds in the Qur’an the justification and the best reason for his scientifi 
and he is a politician, in the highest and noblest sense of this degraded term, 
places all his energy in improving the living conditions of the Third Wor 
Whoever has had the opportunity of meeting him and listening to him, 
that he often refers to poets and to the Holy Book in order to give strength t 
ideas. 

A verse of Omar Khayyam, which Salam often cites gives an idea 1 
commitment of Salam, the man of action: 

Ah love! Could thou and I with fate conspire 
To grasp this sorry Scheme of Things entire 
Would we not shatter it to bits — and then 
Re-mould it nearer to the Heart’s Desire. 


Review published in Corriere della Sera, August 6, 1986, of the Itali 
translation of the first edition of Ideals and Realities (Ideali e Realta, trans] 
by Vincenzo Gatti, published by Edizioni Lint, Trieste, 1986.) 
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duction to Abdus Salam’s 
issance of Sciences in Islamic Countries 


‘M.HLA. Hassan 
and Hassan Dalafi 


“Men like Abdus Salam do not belong to any community or country. Their place 
mongst the most brilliant in the world and therefore they belong to the entire 
(manity. In my opinion, wherever Abdus Salam has the facilities for work he should 
ay there and Pakistan should help him stay there. His personal gain ar the gain to 
‘amily or to his country would be insignificant as compared to the gain to science 
which he is devoted and the advancement he makes will benefit all human beings 
chever country they may be living in.” 


ly Prophetic! Addressed to Ch. Muhammad Hussain, Professor Abdus 
father, in June 1951 by Mian Afzal Husain, Vice-Chancellor of the 
University, the words came true not much later. As a physicist, Salam 
[ ahead of the wave, embedding half a dozen notions in omnibus papers — 
the Nobel Prize in 1979, the first (and so far the only) Muslim ever to 
the Prize in the sciences. The Prize signified much more than a personal 
as the only living developing country national with a Nobel Prize in the 
, he symbolized the upsurge of scientific enquiry in Third World 


am won the Nobel Prize for his theory of unificiation. “Until two decades 
e explained to a group of academics and the country’s President at the 
ersity of Islamabad (Pakistan) just after the award, “physicists believed that 
four fundamental forces of Nature; the gravitational, the 
magnetic and the two nuclear forces, the weak and the strong. Two 
ago, my colleagues and I suggested that there were indications that the 
lear force was not really different from electromagnetic and that the two 
interconvert, one into the other. We were searching for a unity, in the 
f Newton, Maxwell and Einstein and the unified theory was formulated 


ym Muhammad Abdus Salam: Renaissance of Sciences in Islamic 
s, edited by H.R. Dalafi and M.H.A. Hassan, pp. vii-xiii. Singapore: 
Scientific Publishing Company, 1994. 
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in its final form in 1967, at Imperial College, London, and the Inte: 
Centre for Theoretical Physics at Trieste with which I have the privilege 
associated, and also independently at Harvard. The fact that we were | 
unity among the seemingly disparate forces of nature, is part of o 
physicists and of mine as a Muslim. Just eight days back, I was asked to 
behalf of the physics Prize winners to the Banquet address of His Maj 
King of Sweden in the great and glittering Banquet Hall of Stockholm. Wi 
indulgence, I shall read out part of what I said, for it bears on this fai 
ultimate unity and symmetry of Nature. “The creation of physics is the 
heritage of all mankind. East and West, North and South hav 
participated in it. In the Holy Book of Islam, Allah says: “Thou seest no! 
creation of the All-Merciful any imperfection. Retum thy gaze, seest. 
flaw. Then return thy gaze, again and again. Thy gaze comes bac 
dazzled, aweary.” This, in effect, is the faith of all physicists; the deeper. 
the more is our wonder excited, the more is the dazzlement for our gaz 
saying this, not only to remind those here tonight of this, but also for th 
Third World, who feel they have lost out in the pursuit of scientific kn 
for lack of opportunity and resources.” This was the first time that the Ho 
was recited in the Banquet Hall of Stockholm. : 


Salam’s second achievement — that of providing a rendezvoi 
developing-country physicists — came earlier in 1964 with the establish 
the International Centre for Theoretical Physics in the idyllic surround 
Trieste, Italy. 

These accomplishments on two fronts — physics and nurturing sci 
developing countries — have won accolades for Salam. In the words of Pr 
J. Song, State Councillor and Chairman, State Science. and Te 
Commission, China, Salam’s “wholehearted devotion to the promotion o 
and technology in the Third World countries, first reflected in the found: 
International Centre for Theoretical Physics and, more recently, in the init 
of setting up the Third World Academy of Sciences and its a 
organizations, has won admiration from all over the international scie 
community. An internationally renowned scientist who was born in 
World country, who is dedicating his life to the development of science i 
Third World countries, and who has won honor for the Third World, you, 
others, will always be respected as a pioneer in attempting to narrow th 
between the industrialized countries and the developing countries in scienc 
technology.” 


Yet, all through the years, Salam has nursed a passion for the rejuvenatio 
science in the Islamic World — once a bastion of innovation and creative imp 
~ as the papers appearing in this volume show. They are based on | 
delivered by Salam in various scientific meetings and fora to review the 
science in the Islamic countries and to suggest measures for its improvement 
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he papers convey the simple message. The Muslims have a scientific past in 
dance with the commandments of the Holy Book and the Prophet of Allah. 
their religious duty to strive for a scientific future. 

Salam is intimately familiar with the golden era of Science in Islam and 
ends that modern scierice is not a creation only of the Western, Judeo- 
n tradition as is often claimed — but that contemporary scientific advances ~ 
heir roots in innovations and discoveries made earlier in Islamic lands. In 
ing the claim, he is neither argumentative nor contentious but rational and 
larly, quoting extensively from eminent historians and researchers. Thus, we 
Robert Briffault testifying, “The Greeks systematized, generalized and 
zed, but the patient ways of detailed and prolonged observation and 
‘imental inquiry were altogether alien to the Greek temperament. ... What 
ll science arose as a result of new methods of experiment, observation and 
rement, which were introduced into Europe by the Arabs. Modern science 
“most momentous contribution of the Islamic civilization.” These thoughts 
echoed by George Sarton, the great historian of science: “The main, as 
the least obvious, achievement of the Middle Ages was the creation of the 
imental spirit and this was primarily due to the Muslims down to the twelfth 


alam quotes Charles Singer who contests the Eurocentrism of Western 

ans in History of Technology and makes the observation, “Europe, 

ver, is but a small peninsula extending from the great land masses of 

. This is indeed its geographical status and this, until at least the thirteenth 

AD, was generally also its technological status.” In skills and 

iveness during most of the period 500 to 1500 AD, Singer continues, “the 

East was superior to the West. For nearly all branches of technology, the 

roducts available to the West were those of the Near East. Technologically, 

fest had little to bring to the East. The technological movement was in the 
irection.” 

am, however, does not confine himself to a study of the Islamic past. He 

of the present and the future and poses the following question to 
porary Muslims: “The 20th century has been a century of great synthesis 
cience ~ the syntheses represented by quantum theory, relativity and 
tion theories in physics, by the Big Bang idea in cosmology, by the 
tic code in biology, by the ideas of plate tectonics in geology; likewise in 
logy, the conquest of space and the harnessing of atomic power. Just as in 
century when the European man discovered new continents and 
pied them, the frontiers of science are being conquered one after another. Do 
t feel as passionately as I do that our men in Arab-Islamic lands should 
in the vanguard of making these conquests?” 

xhortation is not an exercise in rhetoric. Salam suggests practical steps 
uvenating the “Islamic Commonwealth of Science” and gives the blueprint 
establishment of an “Islamic Science Foundation” to “turn the pages of 
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history back and again lead the world in the sciences”. He appears convince 

“ft does not need more than a decade of enlightened science policy to bring 
a wholesome change. First and foremost, our society — and here, I inclu 
young men and women, their parents, their career-advisers, their teachers 
merchant-princes — must develop a commitment to the scientific enterps 
commitment like the one which was recently developed in Japan, USSR, 
China and South Korea. This will happen when our ministers and: 
undertake generous patronage of sciences, and our industrialists: an 
agriculture entrepreneurs begin to believe that there is a profit in science 
technology - particularly on science-based high technology.” The renaissa: 
sciences within an Islamic and Arab Commonwealth, according to Sal: 
contingent upon five cardinal preconditions: “passionate commitment, gen 
patronage, provision of security, self-governance, and internationalization: 
scientific enterprise.” 


Salam firmly believes that the laws, traditions and modalities of scie 
universal and deprecates the diversionary slogans of “Islamic” (“Chris 
“Buddhist” or “Hindu”) science. He contends that “Islamic Science is:a 
with no meaning”. To some, it may mean that Islamic ethics should be ap 
science. “But Islamic ethics are universal anyway — care for the enviton 
lack of specialization, care for wholeness and so on. To call this Islami 
is an absurdity.” He also maintains that science and faith can live in harm 
complementarity. 

Elaborating on this point, Salam explains, “Unfortunately, some 
Muslims believe that while technology is basically neutral, and that its ¢ 
can be tempered through an adherence to the moral precepts of Islam, sc 
on the contrary — is value-loaded. It is believed that modern science must 
‘rationalism’, and eventually apostasy; that scientifically trained men amo 
will ‘deny the metaphysical presuppositions of our culture’. Leaving asi 
fact that high technology cannot flourish without high science and also 
aside the insult to the ‘presupositions of our culture’ for implied fraj 
believe that such an attitude towards science is a legacy of the baittl 
yesterday when the so-called ‘rational-philosophers’ with their irrationa 
dogmatic belief in the cosmological doctrines they had inherited from Ari 
found difficulties in reconciling these with their faith.” 


Lamentably, the current state of science in the Islamic World, 
embraces aimost a fifth of humanity, leaves much to be desired. The mini 
investment in indigenous research and development is indicative OF th 
priority generally accorded to science. 

Citing recent figures, Salam laments the frail base of Science in iE 
world today: “Around 45,000 research and development scientists with 
Islamic World (as given in the Background Paper submitted to ‘the first m 
the Science Comtnission of the Organization of Islamic Conference: d 
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983) compared to one-and-a-half million in the USSR and four hundred 
id in Japan ... an analysis of these and similar figures reveals that as far as 
‘is concerned, the Islamic community is around one-tenth in size and one- 
dth in scientific. creativity in research publication compared to 
tional norms.” Salam quotes Francis Giles writing in Nature, “Some of the 
tates are busy fighting wars which cost billions of dollars — no doubt 
e little time for science. Trade structures are dominated by imported 
ogy and most countries have economic and scientific systems geared to 
rather than originality.” 


30 included in this book is a 1977 memorandum signed by Arab physicists 
the International Centre for Theoretical Physics in Trieste addressed to “a 
sen men in high positions of scientific, cultural and educational 
hip” to create a fund “for increased participation of Arab scientists in 
es at the Centre and for regional activities, like winter colleges and 
ces, organized in collaboration with the Centre. The latter are 
larly important as a prelude to the realization of an independent Arab 
“entre in the future.” Regretfully, the response to the memorandum has 
I still remains, one of complete indifference. 

zero patronage” of science evokes Salam’s deepest anguish. “The 
have been building palaces, but no palaces of science.” They “will talk of 
the West, but no one talks of science”. What is particularly appalling is 
cience communities are not self-governing and are “run by bureaucrats — 
sts’ who “frown at internationalism’, an attitude typical of most 
tates, No wonder that “of all civilizations on earth, the Islamic — both 
on-Arab — is the weakest in science today.” 


painful and agonizing that Salam’s sustained strivings for the promotion 
‘¢ in Islamic countries have remained largely unheeded. His passionate 
terviews with the Islamic Heads of State have elicited verbal support 
on. His quest for a twentieth-century Haroun-ur-Rashid who could put 
e of a Patron Saint to nurture science in the Islamic World remains 


ring deep frustration, his recent Faiz Lecutre at Lahore, Pakistan, ended 
tmistic note. Salam cited the example of Sir Syed Ahmad Khan, the 
ationist among the Indian Muslims, who showed enterprise and 
nparting English education to the Muslims. Sir Syed was opposed by 
ox diehards who loathed English education. Driven to desperation, Sir 
ately had to say: “You may disown me, you may call me an infidel — a 
allow me to educate the nation’s youth for the sake of the future just 
ya non-Muslim mason to build a holy mosque:” In the mould of Sir 
am repeated Sir Syed’s plea and suggested that he too would be content 
tus of a non-Muslim mason building a holy mosque. 
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One of Salam’s papers begins with Alfred North Whitehead’s words 
conditions of modern life, the rule is absolute: the race which does no} 
trained intelligence is doomed. Today we maintain ourselves, tomorrow. § 
will have moved over one more step and¢ there will be no appeal 
judgement which will be pronounced ... on the uneducated.” 


We end this brief recital of the world of the greatest scientist in Isl 
Ibn al-Haitham and Ibn Sina with the above words.o 


Trieste, Italy 
July 8, 1988 
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ence Sublime: 
dus Salam, Theoretical Physicist 


- Lewis Wolpert and Alison Richards 


The Greeks wished to explain all the phenomena of Nature in terms of four 
ients: fire, air, earth, and water. Modern science takes the urge to simplify 
urther. One of the most exciting and romantic endeavors of the twentieth 
¥ is the attempt to show that what we now know to be the four fundamental 
f nature ~ gravity, electromagnetism, and the strong and weak nuclear 
‘are aspects of a yet more basic principle. This is the province of the 
e physicists, the theoreticians and experimentalists who are concerned with 
havior of electrons, protons, and the host of other subatomic particles that 
matter, It is a formidable undertaking. 

wo forces with which we are most familiar are gravity and 
gnetism. At the beginning of the nineteenth century electricity and 
sm were thought to be quite distinct, and it was the work of Michael 
and, later, James Clerk Maxwell which showed that they were basically 
spects of the same phenomenon. Maxwell’s four equations provide a 
plete description of the production and interrelation of electricity and 
tism, and subsequently led to the development in this century of what are 
.as the gauge theories. Gravity was, of course, first recognized by Newton, 
sho\ wn by Einstein in his General Theory of Relativity to be an expression of 
ed geometry of space and time. Einstein tried until the end of his life to 
lectromagnetism with gravitation but, like everyone since, failed to do so. 


The recognition of the existence of two more fundamentals forces ~ the 
and the weak nuclear forces - came with the discoveries about the 
-of the atom in the first decades of this century. It became clear that an 
not an indivisible sphere like a billiard ball, but consists of a smail central 
=the nucleus — surrounded by a cloud of particles called electrons. The 
s itself is composed of particles called protons and neutrons, which are 
ogether by the strong nuclear force. But atomic nuclei are not always 
uring certain kinds of radioactive decay, for example, the neutrons are 
med into protons, electrons, and elusive particles called neutrinos. 
rmations of this kind are governed by the weak nuclear force. 


ning chapter of A Passion for Science, by Lewis Wolpert and Alison 
s.. Oxford: Oxford University Press, 1988, pp. 13-23. 
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In the late 1950s Abdus Salam began to address the problem of u 
weak force and the electromagnetic force. On the face of it, the two. 
very different. One, the electromagnetic force, is a long range force whic 
felt at almost any distance. The other, the weak nuclear force, is a sh 
force acting over unimaginably short distances. But Salam succeede: 
together with Steven Weinberg and Sheldon Glashow, he was awarded: 
Prize for physics. Their work was mathematical and theoretical, bu 


that certain, as yet undiscovered, particles should exist. It was onk 
under the cosmic conditions created in the huge particle accelerator at | 
these particles were detected, and the theory finally confirmed. [...] 


I interviewed Salam at his home in South London. We could he: 
playing in the next room and the familiar sounds of domestic | 
background. I could not help but be aware of a contrast between 
ordinariness of our surroundings and the intellectual reach of the idea: 
to discuss. Yet in his life, as well as in his research, Salam”: 
accommodate seemingly disparate elements with ease: the familié 
arcane; a commitment to physics in the developing world and to his own 
unification; to science and to Islam. I wanted to learn something’ o 


which had brought him from a peasant community in Pakistan to inte 
acclaim in particle physics. [...] 


“When you got to Cambridge did you become immediately is in 
theoretical physics?” : 

“No, I started in mathematics because [ had the mathematical bac 
but, slowly and gradually, during the two years in mathematics I shifte 
theoretical physics. Dirac was lecturing at that time and I attended his’ 
Then I still had a third year free in the sense that I had the scholarship a 
choice of whether to go on with higher mathematics — that’s Part: I 
mathematics tripos — or to do the physics tripos. One of my teachers w. 
astronomer Fred Hoyle, and I went to ask Fred his opinion about this. He sat 
you want to become a physicist, even a theoretical physicist, you must 
experimental course at the Cavendish. Otherwise you will never be able 
an experimental physicist in the eye.’ And that was very correct advice. 
was a hard year for me doing experimental work at the Cavendish, not 
done any for so long. It was the hardest year of my student days.” 


“What did you find so hard about it?” 


“The whole attitude towards experiment, It’s very interesting. 
Cavendish there used to be a tradition that you were not given any’ f: 
equipment. Just string and sealing wax. You were given every discouragei 
and you had to overcome this. Now, the very first experiment I was asked t 
was to measure the difference in wave length of the two sodium D lines, the 
prominent lines in the sodium spectrum. I reckoned that if I drew a straight 
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the graph paper then its intercept would give me the required quantity I 
d to measure. As you know, mathematically a straight line is defined by 
oints and if you take one other reading then mathematically that should be 
ugh since you then have thiee points on that line, two to define the straight 
nd the third one to confirm. So I spent three days in setting up that 
ent. After that I took three readings, and I took them to be marked. In 
days the marking of experimental work in the class counted towards your 
amination. Sir Denys Wilkinson, who is now Vice Chancellor of Sussex 
versity, was one of the men who supervised our experimental work, and I 
it to him. He looked at my straight line, and said “What’s your background?” 
id ‘Mathematics’. He said ‘Ah, I thought so. You realize that instead of three 
gs you should have taken one thousand readings and drawn a straight line 
ugh them.’ I thought I’Il be damned if I can go back and face those three days 
in. | had by that time dismantled my stuff and I didn’t want to go back. So I 
very hard to avoid Sir Denys Wilkinson — he wasn’t Sir at that time — during 
rest of the year. 

I'still remember the day the results came out in 1949. I was looking at the 
heets hung in the Cavendish and Wilkinson came up behind me. He 
d at me and said ‘What sort of class have you got?’ and I very modestly 
Well, I've got a first class.’ He turned full circle on his heel, three hundred 
ixty degrees, turned completely round and said ‘shows you how wrong you 
- about people.’ But going back to Fred Hoyle, I think his advice was 
olutely right.” 


‘Now you got the Noble Prize for unifying certain parts of the theory in 
le physics. How did you get the idea?” 

It?s such an attractive idea. You see, the whole history of particle physics, 
hysics, is one of getting down the number of concepts to as few as 
ble. And when you are doing this ‘getting down’ it seems absolutely the 
al thing. In fact, it always surprises me that some of my physics friends — 
‘some of them very eminent people, Nobel Prize winners ~ would not 
tibe to the idea. They would find the difficulties in uniting two totally 
ate looking phenomena so oyeawhe lang that they would think you stupid 
hink otherwise.” 


© you think your religious views made you think that they could be 
| think perhaps at the back of my mind. I wouldn’t say consciously. But at 
‘of one’s mind the unity implied by religious thought perhaps plays a 
one’s thinking.” 


eve Weinberg came to the same theory quite independently. That’s 
isn’t it?” 
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" “Not at all. The ideas in our subject are common and the diffusion o 
astonishingly large. Everybody knows almost everything of what’s goin 
think it’s a resuit of the system which we have developed of Summer 
and symposia, and of course, the pre-print system. It’s a very efficient sy: 
we in theoretical physics are probably the best organized for that,’ fe 
curious reason. Although, mind you, at the time that Steve and I were wo 
the theory we were using ideas which, although they had been publish 
not highly regarded. In that sense we had the field more to ourselves tha 
be the case today.” . 


“Did the people accept the theory at once?” 

“No, not at all. The theory was elaborated in 1967 and it was co 
ignored, In fact, even before that, when J took another paper — one I w1 
1964 — to be published in a journal the editor said ‘The thing th 
predicting has already beeni tested and not found. Will you add the words. 
paper is purely speculative?’ And I had to, in order to get the thing pu 
Those experiments were wrong, the ones which he was alluding to, but 
found that out later.” : 


“So how did the theory come to be accepted?” 

“As I said, the theory was elaborated in 1967. There was a young ph: 
called t’Hooft, a Dutchman, who played a very crucial role in showing 
theory was mathematically well established. It was his first piece of work, 
age of 25 or so, and it gave the idea more respectability among the theoret 
That was in 1971. Then in 1973 the experimenters redid those experiments 
had previously shown that our ideas were not correct. They were redone pr 
at CERN and that gave the first indication that the theory was on the right 
But then the experiments were repeated in the United States and 
contradicted the Geneva results. And it went on like that for a couple | 


back and forth between the experimenters.” 


“It’s interesting that those experiments turn out to be wrong. As an outs 
one thinks that the one thing you have that is reliable in physics 
experimental data. I’m surprised that the facts are so often wrong.” 

“Well, you see, take one experiment which is going on now an 
concerns the next stage of unification. I said we have united electromagne 
with the weak nuclear force. But there’s a second nuclear force, the so- 
strong nuclear force, and that is not yet united with the electro-weak fore 
hope it will be, and most of us would like to believe that it is happenin 
crucial experiment for this is the decay of the proton. The proton is suppo 
be, or was supposed to be, before this theory came along, a fundamentally st 
particle. This theory says no, in 10° years all protons will decay. That's ay 
very long time. The life of the universe as you know is 10"° years. So in I 
years — my goodness ~ every proton will decay! Now to see this experiment 
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ed 10° protons to be watched for one year before one of them will decay. 
€.present time the situation is that there is an Indian experiment, 7,000 feet 
n the Kolar Gold Field mines, which claims to have seen three events of 
on decay. There is the.experiment in Japan which claims to have seen one 
and there are much more statistically significant experiments in the United 
which claim to have seen none. Now what do you believe? The 
ments are very difficult. I don’t know which way the came] will sit, but this 
crucial experiment. And so it’s perfectly possible that some of the 
periments are wrong, or that their interpretation is wrong, and that we have to 
or More statistically significant signals.” 


“Now, you are a theoretician, so you’re sitting there, rather grandly, while 
experimentalists are testing your theories. But for the people doing the 
ments with these big machines life is rather different. The papers they 
ish have fifty, even a hundred, authors. Do people mind that?” 
think many experimental physicists do not like this situation. Many of 
would rather have the old days when just one man or two or three people 
aborated and did an experiment and enjoyed it. But the nature of the beast is 
uch that you cannot help it. You have to have large collaborations because 
experiments are costly, and they need vast quantities of equipment. For 
‘ie, one hundred and fifty experimenters were associated with the two 
eriments at CERN which finally showed the validity of our theory. And the 
ment is incredible. The detecting devices are three storeys high.” 


‘Ts your field a very competitive one?” 

h yes. The practitioners number of the order of about five thousand in 
ry. and about the same number in experiment. And then there is a premium 
h as you know very well.” 

Yhy? Do you just think you’re better when you’ re young?” 

0, you are less encumbered. You don’t live with your past. You don’t live 
your failures. You are much more willing to try more ideas in a different 
Older people are also, of course, more encumbered with various types of 
dministrative duties in order to keep the subject running and that sort of thing. 
ink most of all it’s being unencumbered with the past ideas which you 
> tried to use and failed. Because then you think ‘Oh, the idea is dead’ when 
only the particular approach which you took to the idea which may be dead. I 
‘the younger you are the better it is, if you can take the risk.” 


ow were you young when you began to work on your unification theory?” 
The idea started about 1957 when I was thirty-one which is fairly young, 
1 it took a long time in the execution.” 


‘did you get up every morning and work on it?” 
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“No, no, not at all. It was intermittent. You worked on that partic 
ideas, then you gave up and took up something else and then you came 
and so on, publishing little bits as you went along.” 


“But were you ever wrong? Have you ever been wrong in a major 
way?” 

“It’s probably just egotism but I can’t think of anything where on 
proved completely wrong. There have been many stupid ideas which 
nowhere, of course, but that’s the fate of all of us. The majority of our 
percent, lead nowhere. You’re lucky if one of your ideas is correct in the’ 


“And you have no misgivings about that?” 
“Not at all. But I think in our subject when you look at the successtit 
you feel there is an inevitability about them. The only word [ ¢ 
cpwaling: The sleepwaikers is the title of Arthur Koestler’s boo 
Copernicus, Kepler, and Galileo. You just are led more or less from one 
the next.” 


“Sleepwalking seems a very passive way of doing physics.” 

“It’s sleepwalking in the following good sense. The unification ide 
what we call the gauge theories. The gauge theories were actu 
discovered in 1879 by Maxwell - as suggested by the equatic 
electromagnetism he had written down — then clarified by the 
mathematician Hermann Weyl in 1929. They were put into the form in 
use them today by Yang and Mills and my pupil Shaw in 1954. It was ‘the 
old set of ideas which had started with Maxwell in 1879 but put in a 
larger context. Then we, that is Weinberg, Glashow, and myself, said 
gauge ideas are the ideas that we need.’ That was our contribution. Newt 
remember, was asked why he was so great and he said ‘I was not so greal 
standing on the shoulders of giants.’ So my own feeling is that in each ge 
there is a set of ideas which is more or less common, but people forg 
ascribe the entire success of those ideas to the one man who makes the be 
of them. In that sense, maybe, physics has always been sleepwalking. Wh 


‘ said that in 1879 Maxwell had a great idea — well, he had inherited a set of 
from Faraday. He wrote down Faraday’s equations and found the 
inconsistent, so he supplied one extra term. So in that sense it’s inevitabl 
sleepwalking. Take Einstein’s ideas which we consider the most revolution 
the ideas of the curvature of space and time which explain gravitation. Th 
back to the German mathematician, Gauss, who first, in fact, made the test 


determine the curvature of space. What he didn’t do was to put time into 
there’s an inevitability about these ideas. Although it was an act of genius 
Maxwell to have found that extra term, and for Einstein to have added ti 
three-dimensional space, if you trace the history of the ideas they go back 
gradations to earlier and earlier generations.” 
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“Do you think if there hadn’t been these geniuses these steps would have 
n made anyhow?” 
Yes, Ido.” 


“Now, you come from a religious background, was there ever any conflict in 
ig physics?” 

“No, why should there be? Because fortunately, and I think I have said this 
ften in my writings, Islam is one of the three religions, which emphasize the 
fomena of nature, and their study. One eighth of the Qur’an is exhortation to 
believers to study nature and to find the signs of God in the phenomena of 
ture. So Islam has no conflict with science.” 


“What is the pleasure that you got from physics?” 

Well, let’s put it this way. When you go to sleep and you are exhausted 
ter a day’s administrative chores or whatever, what is the thought that gives 
‘maximum relief? I don’t know what it is for you, but I get my pleasure from 
ng about the problems of physics. It gives me the biggest relaxation.” 


‘You mean thinking about physics is not work for you?” 

“It’s a pleasure. I should qualify this by saying that when you are working 
mething through it can be very, very hard and you eat your heart out. You 
nk this idea should work and it doesn’t. Then it can be devastatingly 
rrisome. But otherwise, most of the time you’re thinking about it, it’s a 
pleasure.” 


“What is that pleasure? Is it the pleasure of reflecting on what you’ ve done 
day, or contemplating the beauty of physics?” 
Well, after you have found something it’s marvelous.” 


So, it’s success which gives you pleasure?” 

Tt’s not just success. When you are relaxing, as I described, you are not 
flecting on the successes of the past. In fact, any paper which you write does 
“give pleasure for more than a few days. I think for a week at the most. For a 
+k you may be euphoric. ‘Oh yes, that was a marvelous result.’ But then it 
mes just part of you. Presumably it becomes a part of your pleasure-giving 
wherever they are, and impels you to further work.” 


‘Do you still feel a sense of awe at the extraordinary nature of particle 
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“But are you more impressed by what people work out, or by what the | 
of Nature is?” 
“Both. As a phenomenon, take Brain Science, for example. It is marv 
So in that sense physics is not unique. But when I think in terms of the su 
theories that come in physics, I think that is unique.” 


“Do you like music? I mean, do you get the same sense listening to mii 
“I would not say that I find the same sublimity. I find the same sublimi 
reading or listening to the Qu’ran, because there I find, for example, afte: 


been listening to it for half an hour, you suddenly get caught in an cle 
fashion.” = 


“But you do see physics as sublime?” ae 
“Yes, yes, no question about it. I mean take Einstein’s theory — you still, 
sO many years, you still think: What a sublime, what a marvelous idea it is!” 


SENSOR LOS Oy, Merle & BeskEd Dhow d Chowk: ishtnon' £008 te een 


To pbdus Saban 


Bp chia ot py Ghotosl: dligae y 
VMeLS AML yy copi guy Af any 
UN csdl cya e ga WREREA er oy 
VM ALD ace gy Uebated dh g 
1 A Lol ied yy re hoVholll, y 


v VAM Sd ae "al py) Me dh ' : ppm seas 
4 3 x an et 4 . Sy pi Boe J IEC Lae , 
a AMM Sof ge HORM Si op F122 pt Abe ae 
VPA cel ge Hh tel Jes y da seins SKI 
. . (ORF Bt ee 2h WEA, 
al Peo shy sadn Wetter Bob Stal Aaya 


(8 bo sah ety 


63. Arabic and Urdu Poems in Praise of Abdus Salam 
a. Arabic Poem by Nazir Baaklini, Lebanon b. Urdu poem by Asim 
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and Unification: 
ribute to Abdus Salam 


Fred Reines 


From out of the East there came a man 64. Fredrick Reines, 1995 
Who thought to divine the cosmic plan =— Nobel Physics Laureate 
To unify the hearts of man 

And make whole, concepts deep and grand. 


From out of the West came Nobility 
To grace the deep insight, the unity 
rising from diversity. 


From out of the East there came such a man 
Whose heart and mind did most nobly span 
Man’s highest hopes and dreams and plans 
nscendent with love and humility. 


From out of the depths of the human soul 
Came this man so well crafted for this role 
Came this man who would make 

hat which is fragmented whole.s 


rational Centre for Theoretical Physics, 
te, Italy 
November 3, 1989 
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Physics for the Poor 


The Economist, London 
November 18, 1989 


In 1949, a 23-year-old Pakistani called Abdus Salam earned a first 
degree in physics from Cambridge University in only one year, an alm 
unheard of achievement. In 1950, he solved a problem in mathematical phy: 
that had been holding up theorists, and became famous (at least among 
physicists) overnight. Then in 1951 he returned to his native Pakistan, and foi 
himself isolated. Without a library and bereft of colleagues, the only theor 
physicist in the country spent three years doing little more rewarding: 
managing the college football team. In 1954, he returned to Britain, a relu 
brain-drainee. 

Since then Abdus Salam’s theories about the symmetries of nature: 
earned him a Nobel prize. But he has not only changed the way that phys 
think; he has made a new place for them to think in. In early 1960s he urge 
International Atomic Energy Agency (IAEA) to provide physicists in p 
countries with an alternative to emigration. His idea was a place where. 
could catch up with their craft as practiced in Western Europe and America. 
then go home refreshed and up-to-date. In 1964, the agency agreed an 

‘International Centre for Theoretical Physics (ICTP) came into being. The Itali 
government provided more money and a building in Trieste. The Centre is’n 
one of a number of similar institutes there, and part of a fast-growing nee k 
scientific expertise. : 

To celebrate its quarter century, and to honor the man who made it possi 
the Centre hosted a conference at the beginning of November, a tour d’horiz 
the physical world. Leading physicists gave talks on the latest marvels of the 
fields, from pools of fluid electrons sandwiched between semiconductors, to. th 
huge, all-but-invisible rafts of ‘cold dark matter’, which may or may not make 
90% of the universe. Dr. Ludvig Faddeev, of the Stetloy Mathematical Ins 
in Leningrad, intrigued a skeptical audience with his ideas that the advances 
the past century of physics, one of the greatest intellectual stories history has 
offer, could be summed up as just the deformation of 2 generalized set: 
equations and that the whole thing (physics, not the universe) was about to end 

The diversity and quality of the talks was typical. From the start, it was vit 
to the success of Dr. Salam’s idea that visitors from poor countries should | 


~~ From The Economist (London), November 18, 1989, pp. 99-100. 
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ely be offered crumbs from the table — they should dine on ideas cooked up 
le best minds. So he persuaded the best physicists of the day to participate 
ght from the beginning. After only four years the ICTP was sufficiently well 
lished to attract a dozen Nobel laureates fora month-long conference. 

he Centre has now held some 400 courses, workshops, seminar series, 
nces and the like. It has also provided physicists with the time and 
julation to produce over 5,000 papers published in international journals. 
UNESCO joined the IAEA in running the Centre, its activities have 
anded beyond theoretical physics into applied physics — that of the earth and 
ceans, of molecules and of lasers. It now has laboratories for work on 
roprocessors and superconductivity — a field Dr. Salam still does some work 
and to which he was introduced, ironically, during his time kicking his heels 
in Pakistan. , : 

er twenty-five years, 22,000 physicists from poor countries, often on ICTP 
yships, have passed through Trieste and — for the most part — gone on their 
pired afresh. It is said that every physicist in India has either been there, 
cing there, or wants to go there. There have also been many visitors from 
junist countries. During the 1960s and 1970s the Centre was one of the few 
s in which American and West European physicists could talk to their 
an counterparts. This was one of the Centre’s aims from the beginning. At 
of the first seminars Dr. Roald Sagdeev, who is now one of Mikhail 
achev’s closest scientific advisers, almost strangled himself with a 
yphone cable while over-energetically covering a blackboard with equations 
plasma physics, a specialty in which Russian physics was exceptionally 
y. Now there is talk of setting up a similar center in Moscow. 

ed, there is talk of setting up similar centers all over the place, from the 
's to Texas. Three more are being started in Trieste, under the auspices of 
| Industrial Development Organization and paid for mostly by the Italian 
ment (which now provides 90% of the ICTP’s $19 million budget). Italy is 
y to pay for such things as part of its aid budget, especially since it helps to 
ieste fans as a “science city”. One of the new centers will be devoted to 
istry, one to the earth and the environment, and one to high technology and 
terials. There is already a Centre for Genetic Engineering and 
ology where work is done on the papilloma virus, which has been linked 
cer of the cervix and uterus, and on designing bugs to eat the lignin in 
ants. Trieste also boasts the Third World Academy of Sciences, another of 
atn’s inventions, which links institutes and initiatives around the world. 

$ plans are now reaching new levels of ambition with a proposal for twenty 
chnology colleges dotted around poor countries, perhaps with some 
rom the World Bank. Unsurprisingly, he does not get much time to do 
in the conventional way. Yet there is more to physics than writing 
. By using his charm, determination and intellectual standing to win 
iticians he has. achieved plenty for physics and physicists in poor 
and elsewhere. Besides, he points out with a grin, the scientific ideas 
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that he and others put forward two decades ago are still holding up we 
experiment — though they have evolved a bit — so he does not feel 
much pressure to cook up new theories just yet. i 
The fact that the movement that began with the ICTP is broadeni 
turning to more practical fields of thought does not mean Dr. Salam h 
from his goal of providing developing countries with better theoretica 
He has two reasons for championing what might seem an overly sop 
development tool, One is that high technology depends on the kné 
training and culture provided by academic physics; poor countries will ne 
able to compete until they can provide them. The other is that he lovés: ph 
and devotes himself to serving it any way he can. 


65, Aerial View of ICTP Campus, Trieste 


66. Main Building of ICTP- 
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inifying Force for Third World Science 


Nina Hail 
New Scientist, London 


Abdus Salam has never forgotten that he had to leave his native Pakistan in 
r to pursue his life’s work in theoretical physics. He firmly believes that 
d scientists from developing nations should be encouraged to carry out 
‘Tesearch in their home countries. For Salam, a strong base in fundamental 
ce and high technology is the key to national advancement. [...] 


ast year, the ICTP celebrated its 25th anniversary with an international 
ing where one hundred and fifty physicists, including several Nobel 
winners, were invited to discuss the latest physical theories in fields from 
nomy to condensed matter. 

The ICTP, perched on the edge of the Adriatic, close to the Yugoslav border, 
ides an ideal intellectual, cultural and geographical focal point, where North 
s South, and East meets West. For more than two decades, Salam has 
aded the world’s greatest intellects to come to Trieste to teach and guide 
g physicists and mathematicians from the developing South. But more 
tant is that the ICTP functions as a sort of lonely scientists’ club for 
ilians, Nigerians, Sri Lankans, or whoever feels the isolation resulting from 
‘resources in their own country. [...] 


Why has the Italian government been so supportive [$300,000 plus an 
ctive building in Trieste for the ICTP to be inaugurated in 1964]? One reason 
‘Italians admire scientists and, secondly, physicists - the Godfathers of 
cience — are a powerful force to be reckoned with when it comes to 
oning funds. Paolo Budinich, Professor of theoretical physics at the 
sity of Trieste, who was deputy director of the ICTP until he retired in 
has played an important role in the expansion of the centér. Antonino 
hi, who was a director at CERN, is another keen supporter. 

i Salam has learnt to speak the kind of language that Italians understand. 
9, after I won the Nobel prize, I told the Italian government I was going to 
unless they increased their contribution to four or five times as much. $3.5 
yas what I wanted. They offered us $3.5 million.” 

wally telling is the fact that the Italian Prime Minister, Guilio Andreotti, 


rpts from the article in New Scientist, Vol. 125, No. 1701, January 27, 
31-32, 
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when he was Minister for Foreign Affairs, saw funding research in scien 
technology as an important part of overseas aid. Italian civil servants were 
to point out that what is good for the Third World could also be good for 
initiatives channeled through the ICTP would also stimulate locally pro 
science and technology. 

Building on the success of the ICTP, Salam is now anxious to carry thr 
his vision of high technology for all, and has suggested creating a new cent 
the Third World with three components. One will be a center for chemis 
research into industrially important areas, such as catalysis, polymers and | 
the second center will be for high technology and new materials, inc 
superconductors; the third and perhaps most interesting center will be devo 
earth and environmental sciences, particularly earthquake prediction and cli 

The UN Industrial Development Organization and the Third World Aca 
of Sciences — yet another scientific body established four years ago by 
are preparing a feasibility report. The Italian government has given $2.5 n 
with the possibility of another $10 million over the next two years. 

So far, there has been little financial support from outside Italy. Th 
currently provides $1.2 million a year for Salam’s center, and plans 
funding at the same level. The agency has been set a target of zero growt 
according to a spokesman, “unlikely to make an exception for new pi 
UNESCO now contributes $400,000 a year, which, says Siegbert R: 
UNESCO’s program specialist for physics, “is a huge amount for us”: R 
says he is not clear how useful a materials science center, for example, wo 
but points out that the Director General of UNESCO, Federico Mayor, is 
enthusiastic” about Salam’s proposals. “Salam wants a million dollars. 
which would be a hefty sum for us but not impossible,” says Raither. 

Nevertheless, financial dependence on one nation naturally worries 
The Italian connection has meant that the future of his activities in Tr 
inextricably entwined in the knotty tangle of Italian politics and the 
bureaucratic infrastructure of Italian science. Salam quotes a recent exampl 
connivance, Italian style, when the Italian government gave the ICTP. 
money to pass on to the University of Rome, so that Rome could be se 
obtaining “foreign” support. a 

Salam is also worried that the ICTP and its offspring will been 
European. He does not share the enthusiasm of some scientists at Tries 
building up links with Eastern European countries, which may or may 
classed as developing nations, depending on your point of view. Salam wz 
see the ICTP as the nucleus of a more international network firmly base 
Third World. 

Organizations such as UNESCO could not provide the millions of 
needed for such an ambitious project. And, as the organization’s spok 
hinted, such a network could compete with UNESCO’s own network of sci 
centers. For this reason, Salam has been to see Robert McNamara,’ for: 
president of the World Bank, to try to obtain support for twenty new center: 
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ablished in developing countries around the world. Although McNamara is 
usiastic, $50 million a year is the most Salam says he could expect to 
e. 
~. Salam realizes that-such-a scheme has little chance of becoming a reality 
ss there is a firm commitment on behalf of political leaders of developing 
ntries: “The project needs a lot of money.” He suggests that each country 
uld put aside one per cent of its GNP for science and technology. Some 
tries, such as Jamaica and Venezuela, are enthusiastic, but Salam recognizes 
convincing many others with perhaps pressing political problems will be a 
jong. hard struggle. “But I go through life like a sleepwalker. I never worry 
‘whether something is going to be a success or not.”a 


67. With Zhou Enlai in Beijing, 1972 
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The Cambridge Days 


Nicholas Kemmer 
Former Professor of Physics, 
Imperial College, London 


E am most grateful, and flattered, to have been asked to recolle 
wonderful years (1946-1953) in Cambridge into which Abdus Salam’ 
They were indeed wonderful years for me but not solely for the: re 
connected with this memoir. 

During those years I met and married the dear woman who has shar 
enriched my life ever since. Also, although’ 
Salam’s entry into my story proved to be the 
most important chapter, it is not its beginning. Th 
a lot that I feel I must tell first, so I beg readers: 
patience, awaiting the central character to 
story. 

I first got to know Cambridge during Wo 
when it was much depleted, with a lot of its atmosp 
lost. I was then not officially attached to the Univ 
but one important attraction for me had not vanish 
man was still there who had been one of my her 
since I first heard of Quantum Theory and the physics of the atom. He 
occupying the Chair that had once been Isaac Newton’s — Paul Dirac. Hi 
given Quantum Mechanics its definitive form, then created Relativistic Quai 
Mechanics, and gone on to start constructing what we now call QED, Que 
Electrodynamics — the description of how electrons and photons interact. 
Dirac never did succeed in making QED a complete theory. To the end of 
he remained unhappy with all later advances in QED that were to be made 
others and thought even less of the work of many others (of whom I had bee 
im a small way) who were attempting to use ideas, related to QED, for des¢ril 
the various new particles that experimenters kept discovering. 

The happenings that got me to Cambridge during the war allowed me 
Dirac within his family, as a charming, modest and rather withdraw: 
capable of uttering words of penetrating depth, but very, very few of the 
the war, when many of the dons returned and Cambridge quickly regained 
former splendour, there was a flood of exceptionally bright students,’ 
youngsters but also many war veterans. Dirac inspired many by his ren 
lectures, but firmly resisted taking on the many students hoping to dd 
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stgraduate work under him. There were no other potential supervisors for these 
dents left in Cambridge in 1946 and to my surprise and honor I was appointed 
urer in Mathematics and then elected Fellow of Trinity College to fill the 
Immediately, I discovered that my teaching load was heavy. True, half my 
ring duties were a course to follow on Dirac’s, quaintly called. ‘Nuclear 
ysics’. This I was able to make enjoyable for myself. These were familiar 
s including matter that I knew well from my own training and research. The 
rt course demanded knowledge only partly on topics in Applied Mathematics 
hich I had not learnt anything as a student. What is more, Trinity College 
cted me to conduct tutorials on all these topics — a form of instruction that 
been non-existent in my own student programme on the Continent! This, 
ever, did not end the duties that I found myself accepting from the very start. 
graduate students were queuing up to take me as supervisor instead of Dirac. 
ing research topics for them always is a difficult task for me — and at that 
ient it couldn’t have been more difficult. That was because the questions that 
developed in the field that I had been most competent in when war broke out 
getting more and more baffling and confusing. 
Let me relate a well remembered conversation that took piace one day as I 
‘sed from a lecture I had just given, with two of my audience whom I’1l cail 
id B: 
A: “Theoretical Physics seems to be in such a mess, that I have decided 
itch to Pure Mathematics.” 
B: “That’s curious, I have decided to switch to Theoretical Physics for 
cisely the same reason!” 
A’s name need not be concealed — he was the late Harishchandra who moved 
the USA and became a highly respected Algebraist. I had taken him over as a 
ch Student at the very beginning from another supervisor who had left 
bridge. However, my story tells better if I conceal B’s identity for a little 
le. 
_ Fortunately the very bad state of my subject, Quantum Field Theory, did not 
very long. The then new means of communication that colleagues had just 
to use — exchange of preprints of papers — soon brought exciting news 
the USA, which I of course conveyed instantly to my research students. It 
d with experimental results. New high precision measurement techniques 
of wartime research had produced exciting facts to underpin QED. This 
pted theoreticians to start a reformulation of the ideas of QED — a start of 
approach soon to be called Renormalization. Results of amazing accuracy 
gan to emerge. After barely a year we received from the USA not one but two 
mingly different theories of Renormalization, one expounded in great detail 
chwinger in the reports of a conference — and of course studied by us as well 
est of the scientific world. (It was soon discovered that Tomonaga in 
was offering essentially the same idea!) The other was by Feynman, and 
us in a very condensed and puzzling form that left people puzzled. 
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All this happened not long after I had advised the man B of my anecdo 
one of my students, but a recent Ph.D. off on a scholarship in the USA, 
Comell there. There he found himself in the thick of the develop! 
Renormalization and quickly was able to offer the world a version of Fe’ 
theory to be understood and admired as beautiful and most powerful. In 
breath B also proved that Schwinger and Feynman were offering the sar 
of Renormalization, albeit stated very differently. (B also has related th 
owed a lot to me for giving him the tools that sent him off on his ak 
promptly.) B is Freeman Dyson. 

Among my students one in particular turned the study of the new. 
Renormalization in a particular direction that was close to my heart’ 
question of whether what could so spectacularly transform QED could a 
applied to the other field theories needed to describe the interactions ‘ 
particles. A priori the chances of success there were not great because QED: 
with a very weak interaction, the other theories decidedly did not. Paul M 
tackled this question and though not unexpectedly, his success was limite 
enough for him to build a Ph.D. thesis around it and to gain him a scholi 
Princeton, once he passed his examination. 

Around that time I was presented with a difficult personal problem. So 
my colleagues, both theoretical and experimental, approached me den 
“You must accept one more research student.” “Impossible! Not many ha 
as easy to cope with as Paul Matthews. He’ll get his Ph.D. and will 
hands!” “But this one has done better on his finals, both in Phys 
Mathematics, than anyone we sent you before!” “Who is he, anywa 
Pakistani”. 

What I answered will remain a conjecture, but is bound to we exp. 
great doubt, about the man’s qualifications being good enough. Anyho 
doubt blaming myself for weakness in taking on more hard work, I accep 
got myself out of immediate responsibility for devising a research prob 
the new man by telling him that Matthews was the man who had made. 
expert in the problems he should study and sent him to consult Matthews 
not at all long before — my memory is bad of the exact time sequence of thi 
that point - when I found Abdus Salam — of course that was who i 
studying the great papers by Dyson, puzzling about some residual point: 
Dyson had not made complete and sorting them out. Then Matthews cam 
to say farewell and saying: “I had worked out a program of study for Prin 
but this chap Salam has solved my intended problem!” So as early as that, / 
Salam already made a mark among those contributing to the subtletie 
theory of Renormalization — and I had another unexpected problem. "3 

Matthews had started Abdus Salam off to work which he was much. 
competent in than I. Princeton, not Cambridge, was where Abdus Salam 
be, but he was enrolled for a Cambridge Ph.D. The regulation would not: 
him to go somewhere else unless there was a qualified Cambridge man 6 
spot to supervise the student. Rather with tongue in check, I pointed out that 
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uch a man there — Dr. Paul Matthews! This was the somewhat bizarre 
inning of what soon became a long-lasting and close friendship between two 
iderful people. 

There was just one serious obstacle to this promising collaboration that could 
e turned into a big loss to Western Theoretical Physics. The readers of this 
moir will know only too well that Abdus Salam, even when caught up in 
oming known and accepted as a serious contributor to Theoretical Physics in 
West, never forgot the debt he owed to his home country and the people who 
bled him to become what he was. So, many opportunities he saw as not for 
Every year he went home, cut himself off from us in the West, not just 
ause he was so conscious of his obligations, but also because he believed, 
tly, that he could do much for the progress of his country. That this indeed 
ved to be right, we all know — and beyond it the whole world has become 
ebted to his activities in wider spheres. However, during the time I remember 
was happily able to be back in Physics at first principally in collaboration with 
tthews, and the stream of contributions to Elementary Particle Theory 
ontinued to grow right up to the highest possible culmination. 

‘These are things all the world knows, but over all the time since those 
nderful Cambridge days, though my contact with Abdus Salam became 
equent, there still were many personal memories. There were the early efforts 
get the Trieste idea off the ground and then the triumphs of its completion. 
re was our private pleasure in Edinburgh to be the very first University to 
ard him an Honorary Degree, long before the Nobel Prize. Then, skipping 
ny other happy moments, my surprise last year when, entirely unknown to me, 
‘City of Edinburgh, my home for the last thirty-seven years, decided to create 
annual Science Festival with the conferment of an Edinburgh Medal and chose 
bdus Salam as its first recipient, with plans for active collaboration in future 
igns of aid for science in the developing world. 

‘Abdus Salam is never very far from my thoughts. Though I cannot be 
sent, I am delighted by letting these lines contribute to the good wishes for his 
Sth birthday.'a 


dinburgh 
y 11, 1990 


The article is signed as follows: 
‘Nicholas Kemmer (who was first in guiding you [Abdus Salam] into 
Theoretical Physics)”. 
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Excerpts from Selected Tributes to Dr. Abdus Salam on h 
65th Birthday, Trieste, January 29, 1991 


60.1 Prof. P. Badinich, Former Deputy Director of ICTP. 


Today we are celebrating the 65th birthday of our friend and Trieste: 
Abdus Salam. It is a pleasure for me to briefly remind the story, which | 
gusto to this event. The coming of the ICTP in Trieste and the cons 
beginning of my friendship with Abdus Salam was the result of the comb 
of a series of improbable circumstances like the fact that in 1961 he’ 
Geneva and then in the range of distance from Trieste (like Bologna, 
Zagreb) from where we could afford to invite people to our summer s 
The fact that in the same year he convinced the Pakistani delegation at the 
General Conference to propose the creation of an International Centre for 
under the flag of the United Nations, the fact that Edoardo Amaldi 
immediately the news in Rome where I was by chance, the fact t 
immediately answered from London to my letter proposing the 
candidature, the fact that Minister Fanfani immediately committed th 
Government in favor of Trieste, in such a way that when, a couple o: 
later, La Pira proposed the candidature of Florence it was already too late 

Should one of these coincidences have been missed, the ECTP would 
in Trieste but perhaps in Copenhagen or in Vienna or in Florence. 
acquaintance with Salam would have remained a scientific one. Instead 
developed in thirty years as a friendship “for life” as he wrote presenting. mi 
copy of his book. This is what some people call destiny. It was a good's 
friendship, not an easy one, with some occasional tempests as in good: sot 
matriages. 

Good friendships, especially between people coming from different parts 
the world, from different environments, are always fruitful, they ma 
improve people. On my part I understood Muslims and their deep cultural valt 
maybe I adopted some Muslim habits, and I am convinced that S. 
appreciated our values. Someone told me some days ago to be surprised | 
human (I think he meant Christian) gestures. 

But the deep link between us originated mainly from the enterpris 
started here in Trieste, which during its rapid expansion, more and m 
convinced us of its usefulness and of its necessity for the benefit of the World 
the South but also with our neighboring friends in the East with whom we hi 
kept and developed during twenty-six years valuable links of scientific, cult 
and personal collaborations. 
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Here in Trieste we have experienced how the values of science and culture 
only. unite people, help them to understand each other, to cooperate and to 
and progress in peace. 

It was a privilege to have had the opportunity to be able to offer to the 
sands of young people coming here, the values of science and culture they 
ked and needed; after all this opportunity is one of the best satisfactions a man 
ask for from life. 

In the past this of the ICTP was a useful activity. But especially now the aims 
d ideals which oriented the ICTP enterprise might become of great value also 
‘a remedy to the disaster, damages and bad feelings which the present war will 
rtainly leave behind. In the future the continuation of the ICTP and its 
jansion to ICS and ICGEB to cope with the ever increasing needs and 
mands from the South and from the East will be an absolute necessity. 


):2 Dr. Hans Blix, Director General, International Atomic Energy Agency, 
uary 29, 1991, 


Dear Abdus: Important commitments prevent me from being with you in 
ieste, today, on the occasion of your 65th birthday but I wish to add my 
ngratulations to those of so’ many distinguished guests honoring your 
mplishments and paying well deserved tribute to your untiring efforts to . 
omote the development of science in the Third World. 

Thanks to you and your staff, the acronym ICTP and the city of Trieste have 
come familiar to all physicists; and more than forty thousand of them in the 
st twenty-seven years have been associated, in one way or another, with 
TP’s activities. 

Under your guidance the Centre has known a tremendous development and 
ess and while the generous, ever increasing, support of Italy to the activities 
rieste must be gratefully acknowledged, there is no doubt that at the base of 
is support are the ideas and ideals underpinning your work. 

- The Agency takes pride in its long association with ICTP activities and 
tends to continue its financial and other support to the program irrespective of 
1y. future changes that the expansion and diversification of ICTP activities 
tight make desirable, Yours sincerely, Hans Blix 


Prof. L. Bertocchi, Deputy Director, [CTP. 


I would like to share with you some of my experiences with Abdus Salam, 
as a scientist and as a science administrator. 

Tam one of the many physicists who took part in Italy in the anti-brain-drain 
lenomenon, moving from a big university, Bologna, to a university which was, 
renty-five years ago, a small one, and I came here, to the Department of 
etical Physics, attracted by the existence of the International Centre for 
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My first real scientific interaction with Salam took place when I hi 
arrived in Trieste, coming from CERN. In those years, 1967-68, one of 
items in physics was the theory of the Regge Poles and of all the phenome 


related to the Regge Poles. Since I had some experience in this area, I w 


to deliver a course at the postgraduate school of the Trieste University. 
lectures were held here at the Centre. 


To my astonishment, when I started my lectures, I found, sitting a amo 
students, Professor Salam; and I must say that he was by far the best 
worst of those students: always asking questions, never allowing me to't 
more than ten minutes without interrupting, discussing details, wanting t 
all details. He went so far to force me to change the timetable of the co 
order to be able to attend all the lectures! This is an aspect of the person: 
Salam: always curious, always eager to learn and reinterpret theories and f: 
his own way. 

I said that this was my first real scientific interaction with Salai 
always like to remember when and how I first heard his name. At the be 
of 1956 I was a young student, preparing the Italian tesi di laurea, whi 
about one of the most advanced topics at that time: dispersion relations. « 

The real difficulty for me was that the key papers, to be studie 
starting the real work, were all in German; and my German was and is quit 
so J had a lot of pain in reading those articles. 

One day my supervisor came to me and said: look, I have just receives 
lectures notes on dispersion relations; they have been written by an ori¢ 
think an Arab or an Indian, working in England, a certain Salam. These 
were for me fundamental for their clarity (although the handwriting was as 
it is now), and J was able to judge already from them one of the main fea 
Salam as a scientist: the capacity of singling out the key points in an argum 


Let me now switch to my experience with Salam as a science admini 
(although probably this is not the best term: it would be much better to 
term of creator of scientific institutions, or promoter of science, eae 
Third World). 

I have been fortunate to start my cooperation with the Centre twen’ 
years ago, when I moved to Trieste, and I have been “captured” more and: 
by Salam, starting first with the organization of seminars, then of course, 
with the responsibility of the Centre as Deputy Director. These last ten/fi 
years have been those of the tumultuous expansion of the Centre in a very f 
way, mainly thanks to the generous financial support of the Italian Governm 
and, whatever parameter you consider — number of scientific visitors, numb: 
scientific activities, space available, budget - everything has increased by 
factor from 8 to 10. You can imagine that this required a lot of work an 
organization, scientific, administrative and logistic. 

However, for Salam this is never enough. We had not yet derisolidate 
large expansion of the Centre to essentially all the fields of physics, technolo 
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onment and mathematics, with new programs in Trieste, in Italy and outside 
y; and Salam created the Third World Academy of Sciences; the Academy 
§ not yet consolidated, and Salam launched the three new Centres of ICS: 
shnology and New Materials, Environment, and Chemistry. The International 
itre for Science is now still in the project phase, and Salam has just started a 
v program, the Diploma Course. 

As a result of his vision and effort, he has been able to realize all the 
entific complex which exists now in the so-called Miramare Area. And 
morrow he will surely come with some new creative idea. I can assure that with 
there is never a dul} moment (i italiano: con lui non ci si annoia mai). From 
point of view, he shares this quality with the other great man who with him 
created the Centre, Paolo Budinich, who also never stops creating new 
titutions. 

Another distinctive feature of Salam is that not only you never do enough, 
tit is never too early to do something; his motto could be: never do today what 
could have done yesterday; moreover, the work which is done by three 
ople could always be done by two or perhaps even by one; all funds have to go 
ience, and only the bare minimum to administration. 

| will end my talk underlining, among his qualities, the one which has always 
essed me mostly: the capacity of switching immediately and fully from one 
ect to another — he could discuss a deep problem in physics with the 
tists of his group, then, if interrupted, switch to an administrative problem 
discuss this new matter with full attention, to return fully to: physics in the 
‘of a few seconds. J] know very few people who have this quality at such a 
_I think that I will close these remarks with one sentence: Abdus, working 
th you is hard and difficult, but always exciting. Happy birthday. 


Professor G. Salvini, President, Accademia dei Lincei, Rome, Italy. 


The man we are honoring today is the key person of a part of history of 
ics of this century. Together with two others he opened the way to the 
standing of the electromagnetic and electroweak interactions. This was a 
tastic thing. It took many years... 

The idea of trying to have evidence of these particles through experiments of 
articles divined by Abdus Salam and the others was very, very touching and 
d very impossible indeed. 

At the end, the research developed and it was decided that it was possible to 
these heavy particles. They were found in 1981-82-83. The main author of 
gigantic experience was Carlo Rubbia and J can tell you that as soon as they 
= discovered there was a flux of people coming here to Trieste to Abdus 
We remember Carlo Rubbia coming, Zichichi coming ... I was very busy 
“Moment just on these particles. It was a recognition that these key points 
istory of the world in all the world had started from Abdus Salam. It was 
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a long chain of scientists. No man can do this alone. There were hun 
experimentalists and theoreticians, but certainly Abdus Salam deserves 
significant part of these discoveries. - 
This is the part for which I am particularly related to you independ 
other aspects of this beautiful celebration. 
YT cannot comment but with admiration on what has been said by Budini 
Bertocchi and by others for your activity. Certainly it was a miracle and 
Miracle, coincidence, you can call it as it is, but certainly this friend comin 
out of Europe just brought to Europe a hope and a perspective which '' Wwe 
and Hdl 
I could experience this from Rome. I was for a period in the N 
Institute for Nuclear Physics as President and I remember very well the 
of Amaldi, which has been recorded by Budinich and which was as g 
They are two generous men, Abdus Salam and Amaldi, they are really som 
from the point of view of creating activity. And also when Antonio Zich 
President of INFN, he was also very sensitive to these activities. We had 
occasion to discuss. He is not here, but let me tell you in his place that h 
be very happy to be here to tell you how much his activity was intense: Th 
something and the hard days of today make us meditate on what happened 
what will happen. [...] 
Let me just conclude with one point of science, Professor Salam. oul O 

the way to electroweak interactions, to the standard model, but this v 
opened remains with a black box closed. If you open the box you find cert 
something, maybe the Higgs, maybe not, but certainly in this black box the 
something not well identified, there are these color fields. If I can then indica 
your responsibility the next step, let me say that the Higgs is waiting for is 
Tinvite you to open it. i 


60.5 Prof. M.H.A. Hassan, Executive Secretary, Third World Academ 
Sciences, Trieste, Italy. 


I first met Professor Salam in 1974, I do not know whether he recalls th: 
but it is a fascinating story and I would like to tell you. It was nearly six mo: 
after | returned from Oxford to start teaching at the University of Khartoum, 
during these six months I went through a very agonizing experience as fa 
research is concerned. 1 was graduated in plasma physics, there was not a sin; 
journal in plasma physics, not a single book. All I had was my thesis and a 
research papers that I managed to get before J left Oxford. 

My father saw this frustrating experience of mine and decided to induce 
to work with him in a project which he launched, building a soap factor 
Sudan. I was fascinated by the project but I was more fascinated by the fact 
he asked me to go to Italy to buy the machinery from a company in Milan. I. 
very interested because that gave me the opportunity at least to come and 
hello to the ICTP, to Professor Salam, and to see what he can do to help me 
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So, after I successfully purchased the machinery from the Milan company, 
an amount of about half a million dollars, a very large amount of money, 1 
led up here at the ICTP, without telling anybody that I was coming. It was 
ut 6 o’clock in the.evening and allowed myself three or four days to get into 
e bureaucracy of seeing the secretary and making an appointment with 
ofessor Salam. You see, in our University of Khartoum, if you wanted to see 
Vice-Chancellor you would have to wait for a week. At 6 o’clock the Centre 
» completely empty, except a door that was wide open, and there was 
fessor Salam, sitting, working. So you can see how fortunate I was. So I went 
Professor Salam and J explained to him my problems. I said, I am going to 
k in the University of Khartoum just doing teaching, but I am going to spend 
of my time working with my father. So, he said, “I will give you two options 
‘can consider. One, I know that there are two or three high-energy physicists 
king at the University of Khartoum, so maybe you should think of changing 
m. plasma physics to high-energy physics. The second option is, you may 
ly to come to the ICTP. At least you can see the Library and work here.” 
The first option I disregarded completely, because it would have been a very 
icult experience for a fresh graduate to start a new field, but I took the second 
Seriously and he asked me to go and think about it and write to him. 
0, immediately I took my decision. I wrote a little letter to him and I handed 
the secretary. The following day, I went to the Library and I was absolutely 
inated by the books and the journals. The accumulation of everything that I 
lly needed to do research was there. What fascinated me also, was the fact that 
my first research paper in print, in the general plasma physics. So like 
of my good Egyptian colleagues, I spent five solid days in front of the 
tocopying machine, photocopying journals. : spent five days and the per-diem 
pent by my father. 
efore J left for Khartoum, I was very curious to know what happened to my 
note. So on I went, a very collaborative secretary showed me Professor 
am’s comment. And it was written, “Young promising scientist”, it was 
dréssed to Professor Budinich and in a nice, almost perfect circle he wrote 
ld be helped”. So I went back to Sudan, and a few months later I received a 
from Professor Budinich in which he invited me to come to the Centre the 
ving year for three months. From that time, I got into the habit of always 
king first at Professor Salam’s sentence when he sent me a note, because it 
ined the most important information. 
that was my first experience at ICTP and I am sure that it is typical of 
f our colleagues here. 


fessor Salam could have devoted all of his time to creative intellectual 
h in which he had already made significant achievements of the highest 
ion. Instead, he has been devoting a great deal of his time in pursuing the 


ént of his other passion: the promotion of Science and Technology in the 


ping World. It is this intense passion which made him establish this 
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Centre in 1964 as my colleagues just mentioned, and which prompted hi 
twenty years later to create the Third World Academy of Sciences. 

This idea of mobilizing the scientific leadership in the Third World. 
academy of excellence was first mooted by Professor Salam in Rome in 
1981 at a general meeting of the Pontifical Academy of Sciences. 
discussing it with Third World Members of the Pontifical Academy attendi 
meeting, a memorandum was drawn up in support of the initiative and Pre 
Salam was requested to follow it through. The Academy was subseq 
founded in November 1983 by Professor Salam and a group of forty worl 
scientists from the Third World, including the living nine Nobel Laure 
Science of Third World origin. : 

Immediately after successfully founding the Academy, Professor Salar 
was elected first President, started the very difficult task of searching for fun 
fulfill the objectives of the Academy. With the exception of the Ca 
International Development Agency which provided a small initial grant. 
$50,000, no support was received from any of the funding agencies con 
several of which did not see the real benefits of creating a special organiz 
for fostering the best of Science in the Third World. It was almost one yeé 
its foundation that President Amoretti, on the occasion of his visit to th 
in 1984, made a monumental announcement on behalf of the Italian Govet 
to support the Academy with a grant of US$ 1.5 million. This visionary act 
President Andreotti, who was then Foreign Minister of Italy, made it possibl 
the Academy to convene a major inaugural Conference in July 1985 at whi 
Academy was officially launched by the Secretary General of the United Nati 

Within a span of five years the Academy has acquired throu; 
Membership and Programs internal prestige and reputation of very high lev 
has already made a significant contribution to the promotion of Scien 
Technology in the Third World and has given new hope to Third W: 
scientists, Those who doubted its usefulness before it was launched are. 
turning to it for collaboration and advice in all issues related to Science 
Technology in the Third World. 

Nearly one year after the inauguration of the Academy, Professor Sal 
started yet another intensive campaign aimed at convincing the politi 
leadership in the South to take appropriate decisions to develop Science 
Technology by utilizing their own resources, During the period 1987-88 
personally visited a number of Third World countries and met with vari 
Heads of States who promised their support. His strong conviction that 
current poor status of Science and Technology in the Third World can onl 
improved substantially by the countries themselves, prompted him to propo 
during the TWAS Second General Conference in Beijing in 1987, 
establishment of a Network involving Ministries of Science and Technolog 
National Research Councils and Academies. : 

The Network was successfully founded in Trieste in October 1988 by 
group of over ninety participants, including fifteen Ministers of Science: a 
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chnology and Higher Education, who at the end of the meeting elected 
ofessor Salam as President and issued a joint declaration known as The Trieste 
claration on Science and Technology as an Instrument of Development in the 
uth, Currently the Network-has one hundred and fifteen Members, including 
nty-five Ministries of Science and Technology, forty-one Research Councils 
id: thirty-three Academies from sixty-eight Third World countries. It has 
tablished four regional offices. It is Professor Salam’s hope that the Network 
ill eventually be an effective force in convincing the governments of the South 
t least double their expenditure in Science and Technology and increase the 
ber of scientists and technologists to the level of at least one thousand per 
illion in each country before the turn of this century. 


For the last five years, 1 have had the great honor and privilege of working 
osely with Professor Salam as Executive Secretary of the Third World 
idemy of Sciences. Working with Professor Salam is a thrilling and 
‘inating experience. It could sometimes be difficult as he is constantly 
hnovative and is always a few steps ahead of everybody, and it may sometimes 
frustrating while trying to catch up with him, but I assure you that working 
h him can never be boring. What has made Professor Salam so successful is 
determination to act quickly and decisively on new ideas, in as much as that 
hat would normally take a month to fulfill should be completed within a few 
ays. In the process of rushing things, mistakes can be made and forgiven 
vided that these do not affect the work of individual scientists in the 
eloping countries. It is no wonder that these scientists from the Third World 
Professor Salam as a symbol of constant encouragement and hope. 


Ambassador Augustin Papic, Former Member of the 
uth Commission, Yugoslavia. 


As an economist, I am not a typical participant in this gathering. And later 
will explain what it means to cooperate with Professor Salam. 

My acquaintance with Professor Salam is rather late. We met at the South 
ission more than three years ago. The South Commission was an 
pendent, non-governmental body .created to analyze the position, the 
ims of the South and to suggest recommendations for their solution. It has 
| high-level body presided over by the former President of Tanzania Julius 
Te; several heads of state, former and actual, were members of the 
sion. We have a cardinal, many economists, financers, bankers, 
smen, politicians, women activists, but Professor Salam was a unique, most 
ished member of that Commission. I say this both due to his highest 
ific reputation and because it was the first time a Commission like ours 
for example the Brandt Commission) invited a scientist to participate. 
“statements of Professor Salam at the Commission’s meeting were 
ed with high appreciation, and they were intellectually most superior ones. 
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However, within the process of the work of the commission, there we 
differences in opinion and a lot of discussion, particularly as to how to de 
integrate Science and Technology into the process of developmen: 
discovered a special quality in Professor Salam. Besides intellectual sup 
he has the quality of persistence. Besides discussion in the Commission: 
to make his views clearer, he published Notes on Science, Technolo 
Science Education in the Development of the South. The famous “Red boi 
distributed not only to the members of the South Commission but to a v 
audience outside its membership, to scientists, and for many interna 
conferences. It was everywhere well received (having several revis 
improved editions). With the continued efforts of Professor Salam, or Abdi 
he was called, with the intensive exchange of views and better unders 
with Commissioners, his ideas were adopted and incorporated in the Rep 
the Commission as the role and contribution of Science and Technology 
development process, within mutual interconnection. The Commission Ri 
was published and launched at the beginning of August 1990 in Caracas, 
well-known and well-received, distributed broadly within the ICT 
TWAS and TWNSO Members too. It is now in the process of follow-u 
implementation. 
Now, for me as an economist, these contacts with Professor Salam ha 
intellectually most stimulating ones. Why do I say this? Because in these 
T came to the conclusion that many economic problems I, as an economis 
been dealing with are not possibly solved without adequate recognition 
role of Science and Technology in overall development. This was already s 
in the case of the most successful countries in the world, including a few: 
South, They were successful because they employed, they gave a proper r 
Science and Technology. On the other side all the efforts towards econ 
adjustment, restructuring in developing countries, as imposed by the Intern: 
Monetary Fund, failed for the simple reason that Science and Technology: 
ignored. May I say here that the reforms in Eastern European countries are b 
to fail since the huge potentialities in Science and Technology of those countri 
although sometimes misdirected, were not employed, were not used. 
Now, work and experience in the South Commission represent, in my vie 
new page in the life of Professor Abdus Salam. Coming closer to econo’ 
who he still criticizes, he has found it useful to intensify dialogues, to: 
together economists and scientists and technologists. Just yesterday, there. w 
meeting, the second one, organized by Professor Salam with the 
distinguished economist Professor L. Emmerij, who is to the left of you, M 
Chairman, and who is Director of OECD Development Centre, and a few 
in order to discuss the program, participants and scenario for the round tabl 
scientists and economists. 


Coming to the end, being from time to time closer to Professor Salam; w 
is the phenomenon of this man? I came to the conclusion that he is: 
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bination of a genius, working very, very hard — 1 never saw a man working 
hard as he does — and being very efficient. Combining all that with the great 
itrepreneurship — a very rare quality in a scientist — in organizing, chairing and 
ading very successfully -all these institutions in Trieste, with intensive 
tational activities, Abdus Salam is a noble man, fully devoted to Science and 
hnology for the benefit of mankind, for the benefit of the South in particular 
order to secure a better life for “Les Miserables” — the “mustazeffin” (The 
eprived ones), as he likes to call them. 

- Professor Salam, wishing you ali the best on your birthday, may I express my 
‘conviction that you will continue in the coming years not only to do as much 
you did but to open new scientific horizons, entrepreneurial undertakings, so 
at you never repeat yourself. 


Prof. A. Tavkhelidze, President, Academy of Sciences of Georgian SSR. 


On behalf of the physicists of the Soviet Union and Georgia, let me 
gratulate you on your birthday. You are a Nobel Prize winner in the universal 
leory of electromagnetic and weak interactions. I think that not only I but many 
our friends believe that you must have a second Nobel Prize as a humanist, a 
who has created a highly spirited human institute here, an institute of 
oretical physics. These are my best wishes to you and the wishes of all your 
friends. 


$ Prof. Yu Lu, Condensed Matter Research Group, ICTP. 


First of all, we would like to heartily thank you, dear Professor Abdus Salam, 
the enormous contributions you have made for the development of Science 
‘Technology in the Third World. All of us sincerely wish you a happy 
day, good health and continuing success for the realization of the far- 
hing plans you have blueprinted for scientists from the developing world. 
Speaking in this auditorium, one cannot forget how difficult it must have 
en for you to create and nurture this unique Centre for science where 
cularly we from the developing world indeed feel at home and do not need to 
anybody. Twenty-six years ago the ICTP dream of Salam appeared 
ssible to many people as for the old good-hearted farmer in an ancient 
ese allegory who dreamed of removing mountains. 

A long, long time ago there were two mountains in front of a village, one 
| Taihang, the other Wangwu. These two mountains prevented the village 
le: from communicating with the others. An old farmer decided to remove 
e two mountains digging all by himself. He dug day and night. Some “wise 
laughed at him, saying, “How foolish you are! How can you remove the 
ains?” In reply, the old man said: “If I die, my son will continue my work, 
ill have his grandsons. Thus, generation after generation, up to infinity, 
untains cannot grow, so why can we not remove them?” The Lord was 
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deeply moved by his spirit and shifted these two mountains away. His 
villagers were extremely happy. 

We, people from the developing world are prevented from enjoying th 
achievements of Science and Technology, also by two mountains: pov 
backwardness. Who will be the Lord in our case, depends on one’s creed. 
opinion, the Lord is embodied in the people of the developing world them: 
their conscious leaders, their friends, anyone who is sympathetic towards 
Third World people and far-seeing enough to realize that a world with de 
gaps between the rich and the poor cannot be stable. The most importan 
for us is the high spirit of this good-hearted old farmer. Professor Abdu 
has set an excellent example in this regard. When he first proposec 
International Centre for Theoretical Physics in the early sixties, many infl 
people opposed and laughed at him. Overcoming tremendous difficul 
finally succeeded. His persistence and indomitable will were the crucial. 
Of course, the moral support of the international physics community, in 
the “Three Wise Men”, really wise men in this case, the material suppoi 
the IAEA and UNESCO, and especially the generous support from tk 
Government, were essential for the success of this Centre. We are ceeply 
to all of you for this wonderful creation. 

The twenty-six years of successful running of this Centre have mo 
justified its importance. Things have been changed significantly in: t 
twenty-six years. But, unfortunately, the gulf between the North and the 
remains more or less the same. If in fact it has not become more prono 
there are still hunger and starvation in the Third World. Even for th 
developing countries like China, India. and Brazil, the funding situation 
fundamental science is still miserable. For example, the total annual budge 
the National Natural Science Foundation in China, the main funding age: 
basic research, is about US $20 million, i.e., about the same as the annual b 
of the ICTP. Please remember, however, that China now has .1.} 
population. Therefore, in spite of the progress made in some of the develop 
countries, the need for this Centre and other similar centers of Science, 
Technology does not fade away as time goes on. 

Scientific excellence has always been the first priority of this Centre. I w 
like to give you only two examples about the level of the ICTP scie: 
activities of the last year. The first was the Conference on “Frontie: 
Condensed Matter Physics” which had four Nobel Laureates, namely, Anders 
Rohrer, Schrieffer and Von Klitzing, as its speakers. The second wai 
Conference on “Topological Methods in Quantum Field Theory” organized: 
the High Energy Group at the ICTP. This Conference was also of the high 
level of its kind in the world. The list of lecturers included three Fields med 
namely Atiyah, Singer and Witten, as well as many world-class physici. 
Moreover, we have succeeded in attracting to Trieste a group of very yo 
scientists from the US and other developed countries who are playing a leat 
role right at the frontiers of research. This provides a unique chance for talet 
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oung scientists of the developing world to talk directly and to collaborate with 
se who actually invented the new theoretical schemes and techniques, and 
ug themselves in” immediately to the current competition of world science. 
e only alternative would have: been to emigrate. This Centre has indeed played 
ey role in stemming the torrent of migration, especially during some difficult 
riods of many countries, for example, Argentina of the 70s as well as of today. 
e. Centre is also helping some developing countries to build up a viable 
earch community, - 

. Unlike twenty-thirty years ago, modern physics relies heavily on computers. 
me of the developing countries can afford to buy supercomputers for this 
tpose. This means that physicists from these countries are stripped of the right 
participate in this important field of research. Fortunately, there is a mini- 
yercomputer at the Centre. The Third World scientists can now use this 
ty, not only by coming here but even while staying at their home institutions 
emote logging in. Of course, our facilities are far from sufficient to meet all 
eeds of the developing countries, An upgrading is urgently needed. 

science and Technology are a shared heritage of mankind. The Third World 
le — Chinese, Indians, Arabs, Persians, Turks, Afghans, Ethiopians, and 
gerians — did contribute a lot in the past, but not much recently, The present 
p between the North and the South can be reduced if appropriate environment 
¢ Science and Technology is provided in the developing countries. The 
duction of this gap is absolutely essential if we and our children are to live in a 
e and harmonious world. The ICTP and similar centers built on the same 
inciples are crucial elements for the construction of such a human globe. There 
re. very few people in human history who consciously made such efforts to 
- human culture and to prepare the ground for future prosperity. As I was told 
Muslim friend, Khajeh Naseer Tusi of Persia was such a person. The 
atory he built in Maragheh, Persia, where scholars from China up to Egypt 
ced under one ceiling, was in some sense a prototype of this Centre. This is 


ething which will never be forgotten by the coming generations. Professor 
’s creation is another apt example. All of us from the developing countries 
you a long, healthy and fruitful life so that you can carry on your 
mental contributions to the human knowledge as well as your services for 
1 -being of science in the developing world. — 


esponse to the Tributes and Messages by Dr. Abdus Salam. 


hall start with the story of the patriarch Abraham who is equally revered 
, Christians and Muslims. According to the Holy Book of Islam — the 
Qur’an — Abraham, together with his son, is supposed to have founded the 
‘the mosque in Makkah. While he was lifting big stones to build the 
‘e, he prayed and said: “Oh Lord, I have settled from among my issue in a 
which is (all but) uncultivated but which enjoins Thine house which I am 
ig for Thee so that they can stand and pray in front of Thee. Oh Lord, make 
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the hearts of men incline towards them and grant them the fruits of this 
that they are grateful to Thee.” 

Thus, this prayer to incline men’s hearts towards the people who resid 
Makkah was made by Abraham himself. 

I do not claim to live in Makkah, but I am part of the same traditi 
certainly the prayer of Abraham has been heard so that so many different: pé 
from different walks of life have come together with their hearts inclined tow 
me. I feel very grateful to them all who have said such kind things about 1 
towards the founding of this Centre and the Third World Academy of Scienc 

I shall mention a few names to illustrate some of the points which have 
made. 

Professor Budinich said something of the Christian tradition mus 
rubbed off on me, which is very true. I have been saying to my Muslim fri 
and I will say it again that we must share the gencrosity of the Christian tr 
if we are to be living on the same planet as they are. I shall repeat this: mes: 
again. Fundamental faith is good because it leads you to the original faith 
is set out in the Book. Together with fundamental faith, we must strive 
neither irrational nor intolerant. 

I am grateful to the Presidents of the Royal Society and the: Nati 
Academy of Sciences and the Chinese Academy and the Soviet Academ 
as the Accademia dei Lincci, for their kind and heartwarming words whic 
have sent me. They speak of the resolve on their part to help the Third W 
those from the Third World who are listening to me should remembe! 
goodness means — goodness of the people of Trieste, for example, in eva 
their private privileges and in helping us from the Third World. 

Someone spoke of the difficulties of setting up the Centre. The difficulty 
not of the actual physical process of setting up the Centre. The difficulty 
getting the ideas accepted in the first place. There was opposition from almo 
the large industrialized countries, except Italy, Japan and the Nordic coun 
After the first step was taken, the actual building of the Centre did not’ pres 
difficulties. The City of Trieste took the matter in their own hands. This susta 
the messages, which were read out today by Professor Budinich, Profes 
Bertocchi and Professor Fonda as well as by Dr. Hamende, the administrat 
the Centre till recently. These men took the creation of the facilities to heart ant 
they provided us with the basis of the most beautiful location in the world fo: 
scientific center. ‘ 

I see the Prince of Torre and Tasso and I must pay a tribute to his great fathe 


remember receiving a long letter which ended up with his signature.: 
signature extended over the whole page. I was very struck by that. I believe I si 
have that letter preserved in the archives of the Centre. I am also very grateful 
the doctors in Trieste who have made it a profession to look after my health. I 
Dr. Zambelli and Dr. Rocco who have looked after my broken arm, as well as J 
Curri who has done so much to keep mein good form. 
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Coming to Italy has helped us materially. President G. Andreotti, whom I 
sider as one of my personal friends, came here one day and during that one 
y, he listened to us and he made up his mind that he was going to help the 
itd World Academy of Sciences to come into its own. He made an 
uncement [of a large donation] in this very hall. Right away, so that’s real 
rosity, that’s real helpfulness. And I must say the Government of Italy and 
¢ Italian people are to be commended for this because after ail it is funds from 
side which are coming to us for those from the Third World and we should 
: Very, very happy with this arrangement. 

-There are several messages from Heads of State, from the President of 
aria, the Prime Minister of Italy, the President of the Ivory Coast, Crown 
ce Hassan of Jordan, the President of Nigeria, the President of Sri Lanka, the 
ident of Sudan, President Nyerere, ex-President of Tanzania, and finally, my 
onal friend, President Perez, the President of Venezuela. Some of them have 
1 here and seen the way we have been working. They liked it and we liked 


Before I conclude, I must pay a tribute to the Directors General of the IAEA, 
Sigvard Eklund and now Dr. Hans Blix, Mr. A. M’Bow and now Dr. F. 
ror of UNESCO, as well as Dr. Kouzminovy and my personal friends, Dr. A. 
doura and Dr, A. Badran. 

T must thank Professor Dalafi because Dalafi was the man who first tried to 
nize a celebration for my 60th birthday. That effort was quenched by myself 
last minute by telling Professor Marshak, Professor Witten and Professor 


ft who had come especially all the way from their home countries to speak 
‘to honor me. I begged them to desist from that and they were persuaded. I 
d not persuade Professor Dalafi to stop his efforts this time because he told 


that he was expecting President Andreotti — the Numero Uno of Italy. 
ortunately, President Andreotti could not come because of the Gulf War. 
ver, President Andreotti, in spite of all the difficulties, has assured us that 
irit is with us and that we shall be able to get ICS successfully off the 
und, He has promised to come and inaugurate ICS. ICS, the International 
tre for Science, is the international technological arm of the Centre here. Its 
‘parts are the International Centre for High Technology and New Materials, 
International Centre for Chemistry, Pure and Applied, as well as the 
ational Centre for Environment. This last will be in two parts — one here 
ne in Venice. The Venice part will deal with Marine Sciences. Professor 
is in charge of the ICS. 

do not think { have left off anybody else. Ms. Zingarelli represented the 
must pay a tribute to the staff of the Centre, the staff of the ICS as well as 
taff of the Third World Academy of Sciences as well as to the scientific 
of the Centres. They are the people whom we should remember always and 
ve really done the work for which you have given me credit. 

rofessor Papic has to be thanked for his kind contribution and his analysis 
lat makes Salam tick. I do not agree with all the things which he said, 
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particularly when he spoke of the genius and the hard work. The hard’ 
certainly there but the genius may not be. 

Anyway, I would like to say the following — to those of us who are fi 
Third World. I have learned through my life that sharing all the blessing: 
we have been vouchsafed — sharing and giving — these are the two things ' 
have always sustained me. The Prophet of Islam said, “The hand which is’ 
is better than the hand which is below.” This means that giving is better 
taking. So, always be generous and share your blessings. That is one im 
lesson from all that one has been able to achieve. 

It is a shock when one hears that one is sixty-five. I wish there wer 
way in which one could turn the clock back ten years at least and call of 
fifty-five. *, 

* Mr. Chairman, how old are you? 

Prof. Salvini: I am older, yes, by six years. 

Prof. Salam: Six years, good heavens! I would not have thought yo 
more than sixty-one. 


I shall finish with the story of Dirac’s when we asked him if he woul 
his seventieth birthday to be celebrated in the Centre. He came to me and 
very angry with me, because I dared to suggest this. He said to me, “Do 
really believe that I have finished off with physics?” — that’s what he th 
that his 70th birthday celebration means that he was finished doing phy 
assured him that “No sir, your physics was as fresh as ever” — which was 
was then reconciled to it, and he allowed us to go on with his 70th birthda 

So I have allowed Professor Dalafi to go on with my 65th birthday; 
hope that you don’t think that I am finished with physics. I feel particularly pre 
of my last paper on the Role of cays in the Origin of Life.a 
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erpts from Selected Messages to 
Abdus Salam on his 65th Birthday 


1Dr. Frank Press, President, National Academy of Sciences, 
ashington DC, January 24, 1991. 


T take great pleasure in anticipating your birthday on January 29, 1991, and 
nding my warmest congratulations to a distinguished Forcign Associate of 


as one of the luminaries of the world scientific community, you have truly 
en both statesman and humanitarian. 

On behalf of the members of the National Academy of Sciences, I offer our 
ery best wishes that the years ahead will continue to be a time of fruition for the 
nderful seeds you have planted in science, education, and human develop- 


Prof. Zhou Guangzhao, President, Chinese Academy of Sciences, 
eijing, January 26, 1991. 


am happy to know that January 29, 1991 will be your birthday. On behalf of 
hinese Academy of Sciences, I am sending you Happy Birthday wishes to 
ebrate this occasion. As an old friend of Chinese people, you have shown 
reat concern over the scientific development of China. We will remember your 
ontributions towards the cooperation between Chinese scientific community and 
hird World Academy of Sciences. 


-3 Munir Ahmad Khan, Chairman, Pakistan Atomic Energy Commission, 
amabad, January 27, 1991. 


Please accept our felicitations on your 65th birthday. 
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Your outstanding contributions to physics over a period of four decade 
your passionate concern for the promotion of science in the Third World has 
you world-wide acclaim. This is a source of great pride for us a 
International Centre of Theoretical Physics as well as the Third World Aca 
of Sciences, which you started and have been directing, continue to train 
inspire thousands of scientists from the developing world to achieve interna’ 
recognition in their fields. Your advice and guidance to the Pakistan 
Energy Commission particularly during its formative years contribu 
immensely to its development and success. 

We wish you good health and many, many more years of creative 
productive lite. 


61.4 Dr. Michael Atiyah, President, The Royal Society, January 28, 1991, 


On behalf of your friends and colleagues at The Royal Society, I senc 
our best wishes on the occasion of your 65th birthday. 


61.5 Dr. A. Tavkhelidze, V. Matveev, V. Rubakov, M.A. Marko 
Academy of Sciences of the USSR, Moscow, January 28, 1991. 


It is a great pleasure for us to send you the most cordial congratulation: 
all the best wishes to you from so many of your colleagues and friends fr 
INR of the Academy of Sciences of the USSR at Moscow on the occasi 
your 65th birthday. We wish you to know how great love and deep respe' 
feel to you. Generations of our theorists consider you as their teach 
elementary particle theory. We all share a great admiration for your tremend 
contribution to the development of the worldwide international exchang 
theoretical physics in both the West-East and North-South directions. Yo 
outstanding achievements in science education and expansion of m 
knowledge have been marked by many celebrated rewards including the 
Prize. We bow to you as the Founder Director of the International Centre 
Theoretical Physics and the Founder President of the Third World Academ 
Sciences which became the Mecca for theoretical physicists from all overt 
world. We are very grateful to you for your personal invaluable contributio1 
the development of scientific exchange of ICTP and INR at Moscow. We send. 
you our best regards and wish you good health and many, many years of acti\ 
life in science. 


61.6 Dr. Sigvard Eklund, President, International Atomic Energy Agency 
(IAEA), Geneva, January 29, 1991. 


Heartiest congratulations on your birthday and the world-wide recognize 
achievements which under your wise and energetic guidance have be« 
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mplished by the Centre in fostering the progress of physics both in the 
eloping and the developed world. 
Wishing you good health and continued recognition of your successful 
ts as up to now. - 


Professor A. _ Berbich, Permanent Secretary, Academy of the Kingdom 
forocco, Rabat, January 29, 1991. 


would like to take the opportunity of this joyful occasion of January 29, 
991, date of your 65th birthday to present to you my congratulations for your 
appy birthday. 

‘I am delighted and so glad to have you among us as a dynamic member of 
Academy of the Kingdom of Morocco. 

I have the honor to see that through many decades of your life as a Founder 
rector of the International Centre for Theoretical Physics as well as the 
der President of the Third World Academy of Sciences and the Third World 
ork of Scientific Organizations, you enlightened with your contribution and 
full radiance of your scientific knowledge more than thirty distinguished 
demies and societies. 

May God bless you and Happy Birthday to you with a long and a healthy 
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69. Titles of Some Books on Abdus Salam 


A MAN OF SCIENC 


Abdos Sater, efit taurests to Phycigs, 197 


PRP URUISLIATS SULLA 


A Man of Science: Abdus Salam, Nobel Laureate in Physics, 1979 (Ljubljana 
Yugoslavia, 1987) 


The Greats in Science from the Third World, by Azim Kidwai (1989) 


es 


Abdus Salam: A Biography, by Jagjit Singh (Delhi: Viking Penguin India, 1992 
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roma Life of Physics - 


Jagjit Singh 
Science Writer, New Delhi 


To write the life of a sage-scientist, who thanks to his extraordinary 
ndowments, managed to bridge what C.P. Snow called the gap between the two 
iltures of Science and Humanities, thereby advancing not only physics to its 
resent pinnacle but also taking in his stride the major problems arising from the 
npact of science and society, is an arduous and presumptuous task. Had Abdus 
alam chosen to write his autobiography in conformity with the opinion of an 
atlier British sage of the eighteenth century, Samuel Johnson that every man’s 
fe. may be best written by himself, the result would have been far more 
atifying. Considering his mastery of the English language is as great as that of 
hysics and mathematics, his autobiography would have been as perfect a work 
; he did in physics that won him the Nobel Prize in 1979. However, he is 
sluctant to write the story of his own life because he does not share the opinion 
f Samuel Johnson. ... 

As [have had a long simmering admiration for the meteoric rise of a fellow 
ountryman of the Indian sub-continent to the zenith of the firmament of world 
ience, I have undertaken a task he has chosen to forswear. My sole 
ualification is that I had written, over a decade ago, a short piece popularizing 
is new theory unifying two of the four fundamental forces of nature, a feat as 
sminal now as James Maxwell’s unification of electric and magnetic forces over 
century ago. Since then I have had the honor and happiness of receiving from 
im, material for writing his biography. 


Excerpt from Chapter VII: “From a Life of Physics” 

In his address to the 25th Anniversary Conference on October 31, 1989, 
alam recalled how the Centre was formally inaugurated in the Conference 
oom of the Trieste Jolly Hotel on October 5, 1964, and the progress it had made 
uring the twenty-five years of its existence. He felt very proud of the kind of 
volution the very existence of the Centre had brought about in the developing 
ountries. He stressed his belief in science and its symbiotic ally technology, as 
indispensable element for the development of the poor nations. He said, 
echnology is a gift from God. After the gift of life it is perhaps the greatest of 
d’s gifts. ... The most revolutionary aspect of science is its mobility. Anybody 


4 


xcerpt from “Prologue” in Abdus Salam: A Biography, by Jagjit Singh. New Delhi: 
ing Penguin India, 1992, p. viii. 
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can learn it. It jumps easily over barriers of race and language. It took m 
generations of misery for the older industrial countries to master the techno 
of coal and iron. The new industrial countries of East Asia, South Kore 
Singapore mastered new technology and made the jump from poverty to we 
in a single generation. ... Unlike most of our political leaders, we have fir: 
knowledge of a business, which is not merely multinational but essentia 
international. ... As scientists we work every day in an international communi 

.. That is why we are appalled by the narrow-mindedness and ignorance of 0 
political leaders of the ‘Third World.” 

Salam then drew the delegates’ attention to developments that had bes | 
occur in some English towns like Manchester about two hundred years ago. Wh 
was exciting about these little towns, he said, was that they brought scienc 
of the academics and gave it to the people. They insolently repudiated the anc. 
prohibition: “Let nobody ignorant of geometry enter here,” which Plato is sai 
have inscribed over the door of his academy in Athens. By bringing science 
of the academic ivory towers, these little towns invented the Indus 
Revolution, a hitherto unknown style of work, which grew inexorably from 
beginnings and spread out from these towns until it had turned the whole w: 
upside down. Benjamin Disraeli was the first politician to take the Indus 
Revolution seriously. He perceived its social implications thirty years befc 
became the Prime Minister of his country. His novel, Coninsby, shows how 
saw the Industrial Revolution through the eyes of its hero in its historical con 
as a social awakening as important as the intellectual awakening that occurre 
Athens 2,300 years earlier. Unfortunately, said Salam, the political leaders of 
Third World had yet to imbibe similar social awakening to the role of scienc 
a catalyst of development. 

Salam concluded his address by dwelling on physics and the excellenc 
life it brings in its wake. “There is no question,” he said, “but that Physics 
science of wealth-production par excellence. This is because of its intima 
relationship with the sophisticated high technology of microelectronics: anc 
microphotonics as well as sciences of space, fusion and the new higlhi 1 
superconductors. I have personally loved physics for the design of Allah’s 
creation, which it unfolds. For example, I have dwelt on Astrophysics in nny. talk 
at the ESO-CERN Symposium on Astronomy, Cosmology and Fundamental 
Physics' on the theme that Particle Physics and Early Cosmology have becom 
synonymous during the last few years. Allah’s design is manifested by Solid 
State Physics, by Chemical Physics, which is at the heart of all Biology. (by 
critical phenomena, even by chaos theory). I have not mentioned these subjec 
since I am beginning to study them only now. 

'“With string theory, fundamental Particle Physics has now changed 
paradigm once again with the basic entities no longer appearing as point particl 
but as tiny strings which give rise to particles of spin 0,1,2,3,4 etc. in additio 


' This symposium was held from May 16-20, 1988, in Bologna. 
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pins 1/2, 3/2, 5/2 etc, in the supersymmetric version. The Mathematics, which is 
sded, is the Mathematics of two-dimensional Riemann Surfaces; four- 
ensional space and time arise as secondary concepts. For me, all this is 
remendously exciting. 

- “There are a number of ied requirements which should be satisfied by a 
tring theory: 

~@ AJl source particles (quarks and leptons) pilus messengers (like gluons, 
tons, Wt , Z°) plus Higgs of the Standard Model should be comprised within 
is framework (with a minimum of new objects); 

~@ It should be a geometrical theory since it must contain Einstein’s theory 
f gravity as part; 

'® It should describe Einstein’s gravity without any infinities. 


“To achieve these three conditions would be a miracle, but this miracle 
eems to be happening, at least in 10-dimensional space-time where a unique 
uperstring theory seems to have emerged, following the work of Green, 
;chwarz, Gross and others from the autumn of 1984, The important point is that 
“instein’s theory of gravity does emerge as a special sub-unit of the string theory. 
is justifies the picture of the Glashow snake eating its own tail ie., 
microphysics at Planck scale (10° cm) coming together with macrophysics (10° 
m of the present Universe’s size) described by Einstein’s gravity theory. This, to 
me, is the ultimate unification. (Glashow drew the snake some time ago as the 
inal desirable theory, while remaining skeptical about strings himself!) 


ELECTRICITY 


and 
MAGNETISM 


BIOLOGY 
Figure 1. The Great Snake of Relative Sizes, 


Snake Theory 
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“The space-time which naturally emerges from this unique string the 
as I said, ten dimensional. A Kaluza-Klein-like compactification of six: 
dimensions would then give the descent to the four dimensions of a real 
space-time. We shall also need to go down from Planck mass of aroun 
proton masses to 10° proton masses characteristic of W, Z particles and t 
proton mass, characteristic of the electron mass. 

“Unfortunately, the uniqueness in ten dimensions that made the. 
theories so attractive does not seem to hold when one goes over the 
dimensions; a million or more theories (after compactification) appear equ 
viable. This is one of the theoretical dilemmas that faces string theory at p 
— the other dilemma being the basic experimental difficulty of building a colli 
with Planck energy. Such a collider must be ten light years long (even all 
for a performance factor — 1,000 better than the present accelerators. This fe 
is promised by the laser-plasma-beatwave concepts). 

“Could strings really be the Theory of Everything (TOE) in Haw 
sense, combining all the known source particles, the quarks, the leptons, plu: 
messengers which we know of, plus the Higgs, plus their interactions? If 
would they represent the culmination of one’s endeavors to unifi 
fundamental forces of nature? These are questions which time alone 
resolve.” : 
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xcerpts from Lectures in Salamfestschrift 


A conference on “Highlights of Particle and Condensed Matter Physics” 
was co-organized in 1993 by Professors D. Amati, Steven Weinberg and Yu Lu, 
to honor Professor Abdus Salam on the occasion of his retirement as Professor 
of theoretical physics at the Imperial College of Science and Technology, 
University of London. It brought together scientists from thirty-two countries to 
honor a man who, in the words of the Editors, “ has devoted all of his active life 
to the advancement of science around the world. ... Many of the friends and the 
former students of Professor Salam presented colourful recollections of their 

earlier meetings and work with him. It became apparent as the week went by, 
and memories surfaced more readily, that everyone had always enjoyed a 
productive relationship with Salam — he became a close friend, as well as a 
strong critic, of those he supervised and researched with.” Dr. S$. Randjbar- 
Daemi of ICTP in bis Opening Address said that the Conference was organized 
“to honour Abdus Salam, who has been an active scientist for over forty years. 
In this remarkably long period, his interests have covered a wide spectrum of 
topics, ranging from the intricacies of renormalization theory in the early fifties, 
to the problem of the origin of life with which he has been recently invoived. 
Professor Salam is one of the main architects of modern fundamental physics 
and, in particular, the Standard Model of Particle Physics.” The following 
excerpts have been taken from the Salamfestschrift: A Collection of Talks from 
the Conference on Highlights of Particle and Condensed Matter Physics , ICTP, 
Trieste, Italy, March 8-12, 1993, edited by A. Ali, J. Ellis, S. Randjbar; Daeint. 
Singapore: World Scientific, 1994. 


1 Professor Ahmed Ali of DESY, Hamburg, Germany. 


* J owe my scientific career largely to the generosity of Professor Abdus 
alam. He helped me at a critical stage in my academic life, without which I 
ould have definitely not been able to pursue a scientific career. I thank him 
cerely. for his timely help in rather difficult circumstances. I also take this 
hortunity to thank him for his scientific guidance and advice, which I have had 
¢ good fortune to enjoy in all these years. (p. 77) 


‘Professor Steven Weinberg, Nobel Laureate i in Physics, 
rsity of Texas, Austin. 


I first met Abdus Salam in 1960, when he knocked on the door of the little 
yhole that I had for an office at the Rad Lab in Berkeley. I had spent a fair 
ion of my time as a graduate student in mastering Salam’s analysis of 
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overlapping ultraviolet divergences, and then as a post-doc at Columbia i 
Salam’s result, that renormalization makes all integrals and all subi 
however chosen superficially convergent, to show that the integrals: 
converge. (I have always been proud of this proof, because it is the only 
know in physics where one actually needs to use the Heine-Borel t 
Arthur Wightman had done me the great favor of reading through the man 
thus enabling me to claim that my paper satisfied a criterion that had b 
down earlier by Salam, that a notation should be understandable to at leas 
persons, of whom one may be the author. Understandable it may have bee 
not elegant, Wightman told me that he could see blood on every 1 
Knowing as I did the importance of Salam’s contributions to renormali: 
theory, I was pleased and flattered that he had stopped by to say hello dt 
visit to Berkeley. It began a friendship that for thirty years has been a val 
part of my life in physics. 

I think it was then that I proposed that I use a Sloan Fellowshiei to: mi 
visit to London for several months the following year. Salam was good en 
offer the hospitality of his department at Imperial College, and J arriv 
October 1961. By then both Salam and I had independently become interes 
a new topic, spontaneously broken symmetries. I can’t speak for Salam 
know that I was at first confused about the role that broken symmetrie 
play in physics; I had some sort of idea that they would appear as appr 
symmetries, something like the new SU(3) of Gell-Mann and Ne’e1 
course, it was not long before I learned better, through the work that Sala 
did that year at Imperial College (together with Jeffrey Goldstone as a 
distance collaborator), on the massless particles required by symmetry bre: 
As everyone knows now, broken global symmetries in general don’t look. al 
like approximate ordinary symmetries, but show up instead as low ‘et 
theorems for the interactions of these massless Goldstone bosons. (pp. 4-5) 


63.3 Dr. A. Zichichi, CERN, Geneva. 


One of the most important and original contributions to the advancem 
physics is the invention by Abdus Salam of Superspace. The unification 0 
forces of Nature being his great dream, it is for me a great pleasure to contri 
to his 70th anniversary celebrations by reviewing the present status of thi 
frontier of our Science. 

Physics has been and continues to be a source of new ideas, new conce 
new problems. Our understanding of the foundations of Space, Time, Ma 
Forces, Charges, has drastically changed. The Einstein four dimensional Sp: 
Time has developed into a Superspace where the number and the properties 
the original dimensions is now 10-bosonic plus 32-fermionic. These frontier: 
Physics are dominated by the Salam dream: the existence of the Superwo 

Purpose of this lecture is to review the present status of this dream. A | 
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h many appealing features: the boson-fermion equivalence, the unification of 
gauge couplings and masses, consequently of all forces, including gravity, and 
; ultimate goal of discovering the Theory of Everything (TOE). A large 
mber of papers has been publistied on this subject and many unjustified claims 
ve been mixed with real achievements. In order to distinguish between these 
0 classes clarity is badly needed especially when experimental consequences 
involved. For example, to predict the energy level where the Superworld 
juld show up is one of the most exciting problems of modern physics. The 
; ffort needed to implement a project, in terms of people and financial resources, 
/4S so vast that experimentalists themselves need to judge the value of a 
prediction”. It has often been said that the energy level needed to discover the 
t evidence of the Superworld is inaccessible with the present facilities: Fermi- 
b, LEPU,ID, HERA, Gran Sasso, SKK. The primary purpose of this lecture is 
show that the Salam dream can be around the corner at present and near future 
ilities.”-(p. 187) 


.4 Dr. R. Delbourgo, University of Tasmania, Australia. 


I was an undergraduate student of Abdus Salam at the Imperial College in 
59 leading to his supervisory role for my Ph.D. studies that blossomed into a 
-tull working relationship until about 1976, when I emigrated to Australia. This 
is a tribute to him for the help, guidance and friendship which he so . 
nerously offered throughout those years. Naturally his influence over my 
velopment has been enormous and, as you will see in this lecture, his many and 
‘aried physics contributions have shaped the way I think and act today. If you 
d anything attractive about what I shall describe presently, you may attribute it 
0 the influence of Abdus Salam. ... I have many fond memories of those times 
if course ... Tom Kibble bad been my official supervisor in 1960/61 but Salam 


k over the responsibility the following year, initiating me into the intricacies 


f the ‘gauge technique’ — a brand new way he’d found of handling the Green 
tions in gauge field theories. That work was written up in early 1964, by 
hich time I was undergoing my postdoctoral apprenticeship at Wisconsin. 

Salam may have sensed a keenness on my part to continue working with him 
perhaps he found my assistance to be of some value. Anyway, when he 


ered me a job at the newly founded International Centre for Theoretical 
ysics (located in Piazza Oberdan then), I jumped at the chance of returning to 
rope. The opportunity of collaborating with John Strathdee, my contemporary 
Imperial, was an added inducement. Those early days at the Centre were rather 
citing; it had just commenced operation and Salam fought extremely hard to 
ake it a successful venture, something of which the world (and especially 
loping countries) could be proud. How he managed to carry out research at 
ame time, in such trying circumstances, I shall never know. John and I used 
ke that Abdus did most of his work at airports or on aeroplanes since he was 
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constantly on the move, fighting tooth and nail to set the Centre on: 
financial footing. The fact that we are all housed in this magnificent compl 
monument to his energy and tenacity during those years. 

In 1956, I moved back to Imperial as a lecturer and this allowed 
continue collaborating with Abdus, picking his brains and trying in som 


way to learn the tricks of the trade. I hope that some of his insights and in, 


have rubbed off on me. In any event I regard Salam as a true mentor and 
and I am especially honored to have been invited for such an important 0 
Except perhaps for John Strathdee, it is unlikely that anyone present can al 
cover the range of interactions that I have experienced with him. (pp. 348-49 


63.5 Dr. Jogesh C. Pati, University of Maryland, USA. 


Professor Abdus Salam is a great scientist, a humanitarian and a sym 
the Third World. ... Before I enter into the scientific part of my talk, I th 
would say a few words, befitting the occasion of this meeting, first abou! 
rare qualities of Professor Salam and then about the way in whi 
collaboration started and grew. ... My collaboration with Professor Salam 
in the summer of 1972. It lasted for over a decade and involved many 
and memorable episodes. During this period, I used to come to Trieste fo: 
two months every summer. The Adriatic Sea, the surrounding small mot 
and the daily view of the setting sun have always been a source of inspira 
me. In part because of this but especially because of the warmth which IT re 
from Professor Salam as well as from all the people at the Centre I have al 
loved to come back here again and again. 

During the first six years, which was the most intense phase’ 
collaboration, Professor Salam also used to visit the University of Mé 

. during the academic year, often twice a year, for about a week each time. Duritr 
these visits, the two of us would hide in the hotel room run by the University. 
Center for Adult Education, so that we would not be disturbed. There, we wo 
spend the first few days in discussing physics and the last few days in wri 
papers. This was indeed a very productive period of our collaboration, mar} 
with the joy of creativity and mutual appreciation. 
During our collaboration there have been many letters, arguments, and’e 
heated exchanges about taste and judgment in physics, but always in a: 1 Bo 
natured spirit. 
My great respect for Professor Salam is, of course, natural, in part becans 

his pre-eminence, but in part also because of our common Eastern tradition 
‘which teaches us to respect the older, who is automatically taken to be the 
Because of this tradition, I stilt address him as “Professor Salam” rather that 
his first name “Abdus”. But what has touched me immensely over the yei 
that he also treated me throughout our collaboration with respect and affect 
This served to establish a mutual bond between us which has lasted until t 
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‘In our conversations, Professor Salam had some favorite phrases. For 
mple, he would sometimes come up with an idea and if I expressed that I did 

particularly like it for such and such reason, he would get impatient and say 
me: “My Dear Sir, what do you want: Blood?” I would smile and say “No, 

rofessor Salam! I would like something better.” 

Just as he would sometimes be impatient with me, there would be occasions 
en I would also get impatient with him and even say to him “Professor Salam! 
uu just don’t understand!” But, whether I was right or wrong, he never took it 

Tn fact, because of these few exchanges, our collaboration became all the 
re strong. (pp. 368-70) 


6 Dr. Peter West, Department of Mathematics, King’s College, 
ndon, and Institute of Theoretical Physics, Chalmers University of 
‘echnology, Géteborg, Sweden. 


I carried out my doctorate studies at Imperial College and had the good 
‘ine to have Abdus Salam as my supervisor. When I began research, the paper 
Wess and Zumino had induced many of Europe’s leading physicists to work 
supersymmetry and Abdus Salam and John Strathdee had just written their 
ssic paper discovering superspace and super-Feynman rules. With such rapid 
gress being made it was not easy for a graduate student to achieve anything of 
lificance, but despite his many commitments Abdus Salam was always ready 
give helpful advice and encouragement. It was impossible not to be infected by 
‘great enthusiasm for new ideas and the enjoyment he derived from doing 
sics. One came away from his office feeling that all was possible and that 
ure was only a temporary phenomenon. 
Ithough it had been understood how to break supersymmetry using the 
assical potential, it was thought to be more desirable if it could be broken using 
adioactive corrections. Abdus Salam _ characteristically encouraged. Bob 
lbourgo and myself to systematically examine every possibility. He also, 
owever, advocated that if all else failed one could always tell the truth. In this 
asc, as I eventually found, the truth was that if supersymmetry was preserved 
assically then the effective potential vanished. It was this theorem which 
wed others to observe that supersymmetry solved the technical hierarchy 
blem. (p. 452) 


‘Dr. Ergin Sezgin, Texas A&M University, College Station, USA. 


J have a deep sense of gratefulness to Professor Salam. for more than a 
‘ade of continued support, encouragement and inspiration. ... I am delighted to 

been involved with the activities of one of Professor Abdus Salam’s most 
nderful creations, the International Centre for Theoretical Physics in Trieste, 
the capacity of a staff member for many years. I have very fond memories of 
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my Trieste years, working closely with Professor Abdus Salam and bet 
greatly from his profound wisdom. I have always been deeply impressed wit 
amazing ability to focus on the relevant issues, always getting straig 
heart of the matter. (p. 495) 


63.8 Dr. Gerhard Mack, Institut fiir Theoretische Physik, Univer 
of Hamburg, Germany. 


I came to Trieste in 1968. Abdus Salam had read my thesis, which de. 
dilatation and conformed symmetry in a Lagrangean framework. 
congratulated me, saying that I had convinced him that conformal symmetr 
not a symmetry for the crackpots. (It was suspect because it seemed 
interchange spacelike and timelike points ) ... 

He invited me to Trieste and to work with him on conformal symmett 
joint paper resulted out of this collaboration. But before that I was told tha 
world was described by gauge theories, and I had better check whethe: 
ri cia of Yang Mills theories were conformal invariant. It was fou 
they were. 

After my first few months there, the Centre moved from Piazza Oberd 
Miramare. And soon the place filled with unforgettable characters froma 
the world. There was Daniel Akyeampong from Ghana, who was always i 
spirits. His laughter could be heard through the halls and it brightened ou 
There was M.O. Taha from Sudan who never took off his tie. There was F: 
Ryan from Ireland. He amazed the local girls who met him at the beach. 
later in a tragic mountain accident together with Bruno Renner. The 
Nasrallah Nasrallah from Lebanon who chose to be called Michelangelo, b 
our teacher of Italian could not pronounce his name. There were also Israé 
the time, as Israel was still a member of UNESCO then. That lead to some | 
discussions around a ping pong table which I remember. a 

All the bachelors practically lived in the Centre. And we became en 
friends, in spite of all the differences in cultural background, or just because’ 
Wherever I go now in the world, I usually meet somebody who remember: 
from Trieste. 

I think this kind of understanding, solidarity and friendship between peopl 
from different cultures is what the world needs most in these days of global thr 
to the basis of human life on this planet. Powerful forces are needed to counter. 
the widespread human tendency to interpret any difference as a differen 
value, fit to confirm one’s own superiority. Otherwise hate will govern the 
— look what is happening in former Yugoslavia. 

For this reason I believe that the world needs 1,000 such Centres, in all fields! 
of human endeavor, but with a clear will to separate knowledge from agi 
and propaganda. It needs centers where people from different cultures can meét 
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and be friends. And the International Centre for Theoretical Physics in Trieste, 
vhich was created by Abdus Salam can serve as a model. (pp. 499-501) 


3.9 Dr. M.J. Duff, Centre for Theoretical Physics, Texas A&M 
Jniversity, College Station, USA. 


Twenty years ago, Derek Capper and I had embarked on our very first post- 
cs here in Trieste. We were two Salam students fresh from Imperial College 
led with ideas about quantizing the gravitational field: a subject which at the 
© was pursued only by mad dogs and Englishmen. (My thesis title: Problems 
the Classical and Quantum Theories of Gravitation was greeted with hoots of 
ision when I announced it at the Cargese Summer School en route to Trieste. 
‘he work originated with a bet between Abdus Salam and Hermann Bondi about 
ether you could generate the Schwarzschild solution using Feynman diagrams. 
u can (and I did) but I never found out if Bondi ever paid up.) 

Inspired by Salam, Capper and I decided to use the recently discovered 
ensional regularization to calculate corrections to the graviton propagator 
m closed loops of massless particles: vectors and spinors, the former in 
laboration with Leopold Halpern. [...] 

- When the deeds of great men are recalled, one often hears the cliché “He did 
‘ suffer fools gladly”, but my memories of Salam at Imperial College were 
ite the reverse. People from all over the world would arrive and knock on his 
or to expound their latest theories, some of them quite bizarre. Yet Salam 
uld treat them all with the same courtesy and respect. Perhaps it was because 
own ideas always bordered on the outlandish that he was so tolerant of 
ntricity in others, he could recognize pearls of wisdom where the rest of us 
only irritating grains of sand. As but one example of a crazy Salam idea, I 
netly remember him remarking on the apparent similarity between the mass 
angular momentum relation of a Regge trajectory and that of an extreme 
k hole. Nowadays, of course, string theorists will juxtapose black holes and 
ge slopes without batting an eyelid, but to suggest this back in the late 1960s 
as considered preposterous by minds lesser than Salam’s. 

Theoretical physicists are, by and large, an honest bunch: occasions when 
entific facts are actually deliberately falsified are almost unheard of. 
-vertheless, we are still human and consequently want to present our results in 
best possible light when writing them up for publication. I recall a young 
ent approaching Abdus Salam for advice on his ethical dilemma: “Professor 
these calculations confirm most of the arguments I have been making so 
nfortunately, there are also these other calculations which do not quite seem 
the picture. Should I also draw the reader’s attention to these at the risk of 
ling the effect or should I wait? After all, they will probably turn out to be 
evant. *" In a response which should be immortalized in The Oxford 
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Dictionary of Quotations, Salam replied: “When all else fails, you can ews 
the truth.” (pp. 553, 567-69) 


63.10 Dr. T.W.B. Kibble, Blackett Laboratory, Imperial C 
London. 


I had the good fortune to join the Imperial College Theoretical Phy 
Group in 1959, just two years after it was set up by Professor Abdus S$ 
accompanied by his erstwhile Ph.D. supervisor, Paul Matthews. It was a time 
tremendous excitement and rapid progress, and Impcrial was I believe one of 
best places to be. 

What I would like to do today is to recall some of the flavor of thos 
to try to tell you what it was like. 1 want to review some of the highlight 
sixties from the perspective of my personal recollections, and to explain ho 
problems seemed at the time. You will not learn any new physics, but pert 
story of our various misconceptions may serve as a cautionary tale. 

Let me emphasize that this is not intended as a definitive historical ac 
.of the development of gauge theories. J am not equipped for such a task; Fa 
a historian of science and I have not tried to conduct a comprehensive surve 
the literature. What I am aiming for is a much more personal story. 1 wan 
to convey how it felt to be a member of that community and to participate i 
of the most exciting developments in theoretical physics in our lifetime 
doing so I concentrate on those parts of the story with which I was most Ele 
involved, I hope I may be forgiven for that degree of bias. 


What was Imperial like around 1960? When I arrived, as Bob Delbour: 
mentioned, we were still part of the Mathematics Department, occupyin; 
corridor of the old Huxley Building which had once been part of a musewt 
is now again a wing of the Victoria and Albert Museum — a purpose to whic 
much better suited! Our rooms were of very strange dimensions, often high 
narrow, because they had been carved out of much larger areas. My office ha 
only the top half of a window. The acoustics were such that we could hear eve 
word of the lectures in the adjacent lecture theater, and no doubt the studen 
could hear everything we said. 

All the Ph.D. students were crowded into one big office, which was: als 
where we met for tea and coffee. There were three permanent faculty: Salam’ 
Matthews and John C. Taylor. I joined as a lecturer the following year. ; 

Let me say at the start that it is a great sorrow that Paul Matthews could nc 
haye been here today, because of his tragic death five years ago. For many ye 
Imperial was Salam and Matthews. They made a superb team, exa 
complementing each other’s strengths and abilities. Paul would have loved to 
here -- and if he had been alive I am sure it would have been he rather than 1 wh 
would be giving this talk. 
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One of the great things about our group in those early days was that we 
ays had lots of visitors, both long- and short-term; our guests included 
furray Gell-Mann, Ken Johnson, John Ward, Lowell Brown, Gordon Feldman 
nd Steven Weinberg. Overseeing us all was Professor Salam’s formidable 
ecretary Bridget, of whom we were all terrified — all, that is, except Professor 
alam! Personally, I always typed my own papers rather than face ‘having to ask 
er to do it — and remember, there were no word processors then! 

About a year after I arrived we moved into the Physics Department’s new 
uilding. The then Head of the Department was another formidable and colorful 
haracter, Patrick (or P.M.S.) Blackett. Generally speaking, Blackett, having 
een brought up in the Cavendish Laboratory tradition under Lord Rutherford, 
vas rather scornful of the value of theoretical physicists, but he knew a good 
thing when he saw one and persuaded Salam to join the rapidly expanding 
hysics Department, in what is now the Blackett Laboratory. There we had much 
etter rooms and facilities. 


What about Physics? 
. Many people have forgotten — and perhaps the younger among you never 
knew ~ that in 1960 field theory was widely regarded as very passé. Of course it 
ad had its triumphs: renormalization theory had made sense of the old problem 
f ultraviolet divergences, and QED had been magnificently vindicated, with the 
redictions of the Lamb shift and the magnetic moment of the electron — it is stil] 
mong the most impressively verified of all physical theories. 
But field theory didn’t seem to work for anything else, particularly not for 
he strong interactions. By 1960 the dominant ideology, especially in California 
m where I had just returned, was S-matrix theory. It was a very attractive 
hilosophy. People always like to get something for nothing, even theoretical 
hysicists ~- and it was amazing in fact how far one could go on the basis of a few 
ery simple assumptions: relativistic invariance, unitarity, crossing symmetry and 
ausality. The most radical version of the ideology, the self-consistent bootstrap, . 
ad as its aim to get all of strong-interaction physics from just these principles 
nd nothing else. There were to be no elementary particles; everything was a 
ound state of everything else. 
Of course, people did study field theory, often rather apologetically; they 
ooked to field theory to provide a concrete model of how scattering amplitudes 
should behave, particularly to understand their complex analytic structure. 
There were, however, a few places in the world where field theory was still 
tudied unashamedly qua field theory. Imperial College was one of them. 
arvard was certainly another; it is very noticeable how many of our visitors 
ver the next few years were Julian Schwinger’ s students from Harvard. No 
ubt there were a few other places too! 

Even we were not immune from the charms of S-matrix theory. Much of my 
ly work was on dispersion relations, as indeed was much of Salam’s. Salam 
nd Matthews wrote an influential series of papers on dispersion relations for K- 
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meson-nucleon scattering. But at Imperial it was never a major theme. Th 
were two dominant themes: symmetries and gauge theories. Both in a way 
their origins in the tremendously successful concept of isospin (then sults ust 
called isotopic spin, or isobaric spin by purists). 

In the case of symmetries that origin is fairly obvious. The isospin symm 
between protons and neutrons had shown how two apparently disparate parti 
might be regarded as different states of a single fundamental entity, the nucl 
The symmetry was generalized to include Yukawa’s mesons in an impot 
paper by Nick Kemmer in 1938 — which is incidentally perhaps one of the 
papers to suggest the need for a neutral current. Kemmer was a very influe 
figure in British theoretical physics in the immediate post-war period. H 
Paul Matthews’ supervisor in Cambridge and he was my Head of Departt 
when I was a student in Edinburgh, succeeding Max Born in the Tait Cha 
Mathematical Physics in 1953. 

In the forties and fifties, as new particles proliferated, it was natural to tr 
bring some order into this chaos by enlarging the symmetry group beyond SU 
especially after the discovery of the new quantum number, strangeness. 

One of the first students to work at Imperial on extended symmetric 
Yuval Ne’eman. From his work on SU(3), together with the independent v wor 
Mutray Gell-Mann, stemmed the eight-fold way .. 

Salam himself made many important contributions then and late 
unravelling these symmetries, but this was not I believe his first love. Hi 
goal was always to find the ultimate theory that would describe the 
electromagnetic and strong interactions, and even gravity — what we would: nc 
call a theory of everything. Discovering the symmetries provided important clu 
to this theory, and was therefore more of a means than an end in itself. 

From an early stage, certainly well before I joined Imperial, mn 
convinced that the ultimate theory would be a gauge theory. 

I myself caught that enthusiasm when I arrived at Imperial. I fans we 
on gravity as a gauge theory, following in the pioneering steps of Utiyam: 
whose work in the fifties was mentioned the other day by Lochl 
O’Raifeartaigh. I showed that in that approach one rather naturally arrives. a’ 
generalization of the Einstein theory, involving non-zero torsion (as sugge 
long before by Cartan), interacting with the spin density. [...] 


Postscript 
That was by no means the end of the story. So far as electroweak unificai i 
was concerned, there were several important steps still to come: the G 
mechanism in 1970, *t Hooft’s proof of renormalizability in 1971, the disco 
of neutral currents in 1973, and of the W and Z bosons in 1983. < 
And, of course, Salam went on to even greater unification, for exampie in 
work with Pati on lepton-hadron unification and with Strathdee: 
supersymmetry and superfields and on Kaluza-Klein theoy; I could menti 
many others. = 
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But although it is not the end of the story — indeed, will there be an end to the 
tory? — it is a good place for me to stop. Before I do so, however, I would like to 
epeat what I said at the beginning. It was a tremendous privilege to be part of the 
am led by Professor Abdus .Salam, and to participate in this voyage of 
iscovery. I cannot imagine a place ] would rather have been during those critical 
d exciting years. Many of us here, myself included, owe Professor Salam a 
at debt for the stimulus, support and friendship he has given us over many 
s. hope that this meeting has helped in some ways to express that gratitude 
s well as our warm good wishes for the future. (pp. 592-95, 602) m 


oy 
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Abdus Salam and the Shaping of Science 


Nature, London 
August 24, 1995 


In 1974, Abdus Salam, not yet a Nobel prizewinner, in one of his: fin 
recommendations before resigning as the Pakistan prime minister’s. c¢. 
scientific adviser, suggested the convening of an annual forum where physic. 
scientists from the developing world could meet and interact with their pe 
from the North. ie 

Two years later, Salam led an international cast of physicists through the hi 
of northern Pakistan to attend the first three-week International Sommer Colle 
on Physics and Contemporary Needs at Nathiagali. In the subsequent t 
decades, three hundred scientists, including six Nobel prizewinners’. 
followed in Salam’s footsteps and lectured on the frontiers and application, 
physics to more than 3,000 participants from seventy-two countries. 


The event is widely regarded as a successful example of North-S 
scientific cooperation. The organizers fittingly dedicated this year’s twen 
anniversary meeting to Salam, the schoolteacher’s son from a village in Punj 
who shared the Nobel prize for physics in 1979 for his contribution to the the 
of the unified weak and electromagnetic interaction between elementary particl 
and who, through the Third World Academy of Sciences and the Internation: 
Centre for Theoretical Physics in Trieste, Italy, aspired to become a one-man 
bridge linking the fledgling science of the developing world with the advanced 
laboratories and research centers of the West. 


Salam, nearing seventy and seriously ili, was unable to hear the genero 
public tributes to his life and work from, among others, his former students and 
peers, including Tom Kibble of Imperial College, London, as well as his 
intellectual successors, notably John Ellis of CERN (the European Laboratory for 
Particle Physics). There was even a belated appreciation from Benazir Bhutt 
conveyed by her representative, Shahnaz Wazir Ali. 

But, then, Salam was also spared the comments of those in his country 
birth who continue to take a less generous view of his achievements, particul 
for science in his home country. Despite his many achievements, Salam remai 


"Excerpts from “Science in Pakistan”, Nature, Volume 376, Au igust 24, 199 
pp. 634-35. 
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controversial figure in Pakistan. Hounded for his “heretical’ religious beliefs, 
riticized for his bias towards theoretical physics and castigated for rejecting 
akistan in favor of Europe as his base of operations, he has never quite managed 
ack home to match his doe-eyed image in the West. 

Between 1961 and 1974, Salam, as the country’s chief scientific adviser, 
ommanded the attention of three successive Pakistani leaders, including the 
Snilitary president Field Marshal Ayub Khan and the elected prime minister 
ulfiqar Ali Bhutto. No other individual has held such an influential position for 
o-long, before or since. Yet his critics allege that there is little outside that realm 
f nuclear and elementary particle physics to show for Salam’s thirteen years in 
he top science post. His period, they claim, was characterized by excessive 
dealism, a torrent of rhetorical statements and a failure to set and achieve 
ealistic goals. 

“Pakistan is not an efficient, developed country,” says one of his peers, “It’s 
fact of life in this country that there is never going to be a massive injection of 
funds for science. But Salam never came to terms with this and always got angry 
ind frustrated when the authorities rejected his larger-than-life schemes. Here, 
jou have to make the best use of what you’ ve got.” 

But Salam’s friends and former students are keen to rally to his defense. At 
ast month’s Nathiagali meeting, several proudly recounted how Salam 
ieadhunted I.H. Usmani, a particle physicist turned bureaucrat, for the job of 
hairman of the Pakistan Atomic Energy Commission during its crucial 
ormative years between 1960 and 1972. Together, the Salam-Usmani “dream- 
eam” planned and set up PAEC’s flagship laboratory, the Pakistan Institute of 
Nuclear Science and Technology (PINSTECH). The pair, according to Salam’s 
yiographer, Jagjit Singh, were also responsible for the purchase from Canada of a 
eavy-water CANDU-type 137-MW nuclear power plant for Karachi and a 5- 
_MW research reactor for PINSTECH. 

Salam is also credited with guiding the graduate physics program at Quaid-i- 
Azam University in Islamabad and the University of the Punjab and establishing 
and serving as founding director of the Pakistan Space and Upper Atmosphere 
Research Commission (SUPARCO), not to mention the International Centre for 
Theoretical Physics and the Third World Academy of Sciences. 

But such “achievements” tend to draw criticism, not least from those who 
Jaim that Salam’s successes turned Pakistan into a one-subject country: top of 
his class for theoretical and nuclear physics; but relegated to the remedial group 
for everything else. Wads of scarce funds, the critics allege, were lavished, on 
alam’s advice, to build and strengthen theoretical physics and the nuclear 
sciences, but at the expense of a balanced, coordinated university research policy. 
 Ishfaq Ahmad, the present chairman of PAEC, told during his own tribute 
w Salam arranged for five hundred Pakistani scientists and engineers to go to 
the United Kingdom and the United States for training in nuclear science. He also 
called with some satisfaction how Salam ensured that PAEC staff were paid 
higher salaries than their counterparts in the Ministry of Science. But even 
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Ishfaq, whose three decades with PAEC have turned him into a model of cauti 
and diplomatic understatement, acknowledged that “we’ve had a lops 
development of science in the sense that the nuclear sciences are somewhat 
advanced.” 


Pakistan’s university physics departments are further monuments to Sala 
influence. The physics department at both Quaid-i-Azam University and th 
built University of the Punjab concentrate research activity on theoretic. 
physics, a legacy of Salam’s involvement either as a lecturer, at the institu 
itself or as supervisor to Pakistani students at Imperial College, London 
later returned to Pakistan to take up jobs at these universities. : 

Only the University of Karachi broke the tradition by developing expert 
solid-state physics. Riaz Ahmad Hashmi, the departmental head, attributes 
the fact that the university was established in 1951, several years before the st 
of Salam’s influence over national science policy. 


Critics of Salam say his failure to make a bigger contribution to scien 
Pakistan also centers on his refusal to make Pakistan his permanent home. Sala: 
was full-time professor of theoretical physics at Imperial College throughout 
period as chief scientific adviser to the Pakistan government. In 1964, he added 
third title as director of the newly established International Centre for Theore 
Physics in Trieste. [Jagjit] Singh maintains that the specter of intellectual dea 
dissuaded Salam from settling down in Pakistan permanently. But his rol 
“adviser from a distance’, says Singh, ultimately diluted his influence. [...] © 


Opinions about the full extent of Salam’s views on Pakistan becomin 
nuclear power remain divided. Although it is true that Salam always rejecte 
prime minister’s offers to develop the bomb, Salam, in many other WAYS h 
impeccable nuclear credentials. 

He was an enthusiastic proponent of nuclear science in Pakistan, oversaw t 
development of PAEC and successfully lobbied for the purchase of the untried 
heavy-water CANDU-type nuclear power plant for Karachi instead of the light 
water pressurized water reactor. ‘The Canadians, realizing the plant’s potential 
a source of bomb-grade plutonium, cut off fuel supplies in the mid-1970s. Sala 
is also said to have advised Bhutto in 1973 to purchase the US $300 millic 
reprocessing plant from the French. The French, too, canceiled the order, 
pressure from the United States, in 1978. 


Salam continues to live the life of a self-exile. Despite his failing health, he 
remains a prolific writer. But visits to Pakistan are rare. Apart from a red-carpet 
reception by General Zia ul Haq following his receipt of the Nobel prize in 197 
this year’s Nathiagali meeting was one of the few occasions in which the 
government publicly honored its most acclaimed scientist.0 
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Professor Salam’s Contributions 
in the Development of Science and Technology 
in Pakistan 


Dr. Ishfaq Ahmad, Chairman, 
Pakistan Atomic Energy Commission, 
Islamabad 


Professor Salam is a legend for the third world science. He is not only an 
eminent scientist recognized and honored by the world scientific community but 
is also an ardent advocate and a relentless crusader for development of science in 
the developing world. Salam’s fervent quest for pursuit of basic research by the 
third world is interlinked with his desire to promote the scientific base of 
technology. He has always been passionately pleading that transfer of technology 
must be preceded or at least accompanied by scientific knowledge. 

Prof. Salam is one of the main architects of whatever modern science exists 
in Pakistan today. His active association with development of Science and 

echnology in Pakistan dates back to 1955 when he was included in the Pakistani 
delegation for participation in the first UN Conference on Peaceful Uses of 
Atomic Energy in Geneva. Prof. Salam who was the most active member of the 
delegation acted as one of the scientific secretaries for the Conference. The cause 
of development of peaceful uses of nuclear energy in Pakistan was dear to Salam 
even at that time. He stressed upon the Pakistani delegation to go to Geneva with 
a draft plan for development of nuclear power in Pakistan. During the 
Conference he arranged a meeting of the Pakistani delegation with Sir John 
Cockroft, Director of Atomic Energy Research Establishment, Harwell, so as to 
find ways in which Britain could help Pakistan in peaceful uses of atomic energy. 
It was after participation in this Conference that Pakistan delegation submitted a 
detailed report to the Government of Pakistan for establishment of a nuclear 
research institute, construction of a research reactor and setting up laboratories 
for production and uses of nuclear isotopes in agriculture, medicine, and health. 
It was also proposed that immediately after installation of the research reactor, 
Pakistan should start planning for a nuclear power plant. 

- By the late 1950s Salam’s important contribution in Elementary Particle 

hysics was already well-known in the educational and scientific circles of 
‘Pakistan. The University of Punjab conferred an honorary degree of D.Sc. on him 


Reprinted from The Nucleus, Journal of the Pakistan Atomic Energy 
ommission (Islamabad), Vol. 33, Nos. 1-2, pp. 1-3 (1996). 
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in December 1957. 
In 1958, President Ayub Khan, met Salam for the first time 
inauguration of the Pakistan Science Conference at the University of Karachi 
was then that the President asked Salam to advise the government in m 
related to science and technology. A year later, Salam was associated as Adv 
to the Education Commission and a member of the Science Commission. | 
inaugural speech at the first session of the Science Commission, on Augus 
1959, President Ayub paid the following tribute to Prof. Salam: “In the en 
must say how happy I am to see Professor Salam in our midst. His attainment 
the field of science at such a young age, are a source of pride and inspiration 
us and I am sure his association with the Commission will help to impart we 
and prestige to the recommendations of the Commission.” : 


During the same period the Government of Pakistan established 

_ Department of Atomic Energy in Pakistan with Dr. Nazir Ahmad as its 
Chairman. A vital contribution of Salam was induction of Dr. I.H. Usmani 
Member of the Atomic Energy Commission and later its Chairman. Salam“an 
Usmani met each other for the first time in a train compartment when they w 
traveling from Karachi to Multan. Salam had heard about Usmani but did nc 
recognize him by face whereas Usmani probably knew Salam. According’ | 
Salam’s own account, Usmani offered him to share his meal and they talke 
about the Nobel Laureate G.P. Thomson whose memories both cherishe 
‘Thomson was Usmani’s supervisor at Imperial College and Salam valued 
association with the Nobel Laureate. Usmani had then just assumed the positio 
of Joint Secretary to Government of Pakistan, in charge of mineral developme: 
and the mineral survey of Pakistan. Salam immediately realized that Usmani' wa: 
amply suited to play a vital role in the development of science and technolog} 
Pakistan. After a few days when Salam happened to see President Ayub Khan 
and the Finance Minister M. Shoaib, they sought his opinion about the mo: 
suitable person to head the Atomic Energy Commission. Salam had no hesitatio 
in recommending the name of Usmani, who was immediately appointed: a 
Member of the Atomic Energy Commission with the tacit understanding that | 
would take over as Chairman when Dr. Nazir Ahmad retired. 
One of the first actions of Usmani as Chairman was to plan for sending 
about five hundred physicists, mathematicians, health scientists, and biologis' 
abroad. Salam helped Usmani not only in the formulation of this plan but also. 
its execution by helping in the placement of these scientists and engineers at th 
best academic institutions in the US and UK. 


In 1960, Prof. Salam conceived the idea of establishing an Internation: 
Centre for Theoretical Physics under the aegis of IAEA. He proposed thi 
Pakistan Atomic Energy Commission acts as a host for this Centre. Using th 
tremendous influence he enjoyed, Salam convinced President Ayub Khan abo 
the usefulness of the proposed Centre. The proposal was formally approved b 
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the Government of Pakistan who also issued instruction for allocation of the 
necessary funds for this purpose. However, Pakistan lost its bid for the Centre to 
Italy which offered better conditions for hosting the Centre. 


In 1961, Prof. Salam persuaded Prof. J. Wiesner, President Kennedy’s 
cience Advisor to send a team of University scientists, hydrologists, 
agriculturists led by Dr. Roger Revelle to advise Pakistan on the problem of 
water-logging and salinity. The problem had been so acute that about a million 
acres of land were passing out of cultivation every year during 1950 to 1960. 

merican experts made some useful suggestions for the solution of this problem. 


Professor Salam is also responsible for leading Pakistan into “space age”. His 
proposal (co-authored by Dr. Usmani) to set up a committee to probe space and 
jpper atmosphere was approved by the Government in September 1961. On June 
1962, a-team of PAEC scientists and technologists successfully launched a 
two-stage weather rocket (Rehbar I) from Sonmiani Rocket Range, thirty-five 
miles west of Karachi. This was followed by the launching of Rehbar IH on June 
li, the same year. The program was executed by Pakistan Space and Upper 
tmosphere Research Committee, under the Chairmanship of Professor Abdus 
alam. SUPARCO is now a full-fledged organization and pursuing a program of 
eaceful applications of space technology. 


Professor Salam also actively worked with Dr. Usmani in establishing 
INSTECH and installing the first nuclear power plant of Pakistan, KANUPP. 
He was personally involved in selecting the present site for PINSTECH. The 
espect which he enjoyed in the Pakistan Atomic Energy Commission is obvious 
from the fact that Dr. Usmani invariably requested Prof. Salam to preside over 
meetings of the Commission which are normally chaired by its Chairman. 


In December 1971, Zulfigar Ali Bhutto took over as President of Pakistan. 
‘Because of the international recognition that Salam enjoyed, Bhutto decided that 
alam would continue to serve his government as Chief Scientific Advisor. 
‘However, it was decided to replace Dr. Usmani by Mr. Munir Ahmad Khan as 
Chairman PAEC. After Munir Ahmad Khan’s appointment, Prof. Salam 
‘continued his active association with PAEC and guided the Commission in 
arious areas of its activities. On his advice, the eminent theoretical physicist, 
Prof. Riazuddin was appointed Member (Technical) of the Commission. The 
athiagali Series of Summer Colleges which have been held regularly since 
976, was also Salam’s idea. 


. On the occasion of the First Islamic Conference held at Lahore in 1974, 
alam put forward a proposal for the creation of a Foundation by Islamic 
ountries with the objective of advancing science and technology. He proposed 
nat the Foundation work with an endowment of one billion dollars and the 
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proportion of endowment fund to be contributed by each sponsoring co 
being fixed fraction of the export earning of each country. Unfortunatel 
proposal of Salam still continues to be under active consideration of the Mu 
and only a paltry sum has been donated to realize the idea. 


In 1974, Professor Salam resigned from the post of Chief Scientific A 
to the Prime Minister and formally ceased to be a member of Atomic E 
Council. Mr. Rafi Raza, then Minister for Production, Industries and . 
Planning, opening the 7th meeting of the Council, held on December 23;: 
eulogized the services of Professor Salam to the Commission and “regré 
formal ending of his association with an institution with which he had 
connected from its very inception.” He clarified that “though the resignation 
Professor Abdus Salam had been accepted in principle by the government; 
was hoped that he could keep himself associated with the cause of scie 
Pakistan. He wished that Professor Abdus Salam continued to be the Advi 
Consultant for rendering all possible assistance either at his own discretion 
the request of Chairman PAEC.” Other members of the Council also exp 
their deep sense of appreciation to the services rendered by Professor Sala 
the cause of science in the country in general and atomic energy in patti 
Even after he formally left the post of Chief Scientific Adviser, Professor: 
remained in close contact with the Pakistani scientific community and spat 
efforts to further the cause of science and scientists in Pakistan. 


The greatest moment of triumph for the Pakistani scientific community 
fact the whole nation, was in 1979 when Salam was awarded the Nobel pi 
The Government of Pakistan conferred the highest civilian award, Nisha: 
Imtiaz on Salam for his outstanding contribution in science. Prof. Salam 
instituted Salam Prize for the young Pakistani scientists. 


Lastly, I would like to say a few words about the versatility of Salam: A) 
from being an eminent scientist, he has been a very competent administer: 
prolific writer, a forceful speaker and a great communicator who felt at’ equ 
ease conversing with scientists, bureaucrats, planners, and political lea 
Another striking feature of Professor Salam’s personality is that although he 
great dreams for science and its development, he lived a very simple: < 
unpretentious life. One was also struck by the great warmth and zeal with whi 
he articulated his views and convictions. Professor Salam who brought sunshi 
to the Third World Science, is now passing through the autumn of his life. WwW 
wish him a long and happy life.a 


Life and Work of Abdus Salam 513 


Prof. Anis Alam 
Department of Physics, 
University of the Punjab, Lahore 


Abdus Salam, the greatest scientist that Pakistan has produced, turned 
seventy on the 29th of January 1996. He has brought fame and glory to the name 
of Pakistan by winning the 1979 Nobel prize for physics. As an undergraduate 
student of physics, I was often intrigued by questions raised by quantum theory; 
wave-patticle duality and resulting indeterminacy in measurements. Prof. Abdus 
Salam was already famous and I wished to do research at the fundamental level. I 
got the first glimpse of Prof. Abdus Salam’s generosity and concern with 
Pakistani science in the autumn of 1964. I had taken the examination for M.Sc. ° 
Physics at the Punjab University. The result had not yet been declared. However, 
I had been awarded a Central Overseas ‘Training Scholarship, for post-graduate 
studies, by the Punjab University. There was still the question of my admission. 
Prof. Hameed Ahmad Khan, Vice-Chancellor of the Punjab University, talked to 
Prof. Abdus Salam on phone about me. Prof. Abdus Salam disregarded all 
rmalities and admitted me to the D.LC course in Theoretical Physics at the 
Imperial College of Science and Technology, London. I was thus able to join the 
Imperial College in the first week of November 1964. I was unlucky not to be his 
student that year. He was busy setting up the International Centre for Theoretical 
Physics in Trieste, Italy. When I returned to Punjab University after obtaining my 
Ph.D. in 1967, 1 faced problems that most researchers of developing countries 
face on return; lack of environment friendly to pursuit of academic work. Prof. 
Abdus Salam advised me to be patient. Subsequently, he has provided me solace 
and help to survive as a working physicist in Pakistan for over the last twenty- 
ive years, 

Abdus Salam is the most acclaimed and honored Pakistani physicist in the 
world. He has led an eventful life. His accomplishments are great. He is not only 
one of the greatest scientists of the century, but also a multifaceted personality. 
His reflections on science, technology, education, history, philosophy, religion, 
onomics, politics, culture, and general problems of underdevelopment in the 
ird World are extremely important, thought-provoking and very valuable. 


» Reprinted from The Nucleus, Journal of the Pakistan Atomic Energy Commission 
sJamabad), Vol. 33, No. 1-2, pp. 5-10 (1996). 
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He is the first Pakistani to join the list of those celebrated scientists who: 
worked at the most basic of the questions concerning the physical world: 
are its building blocks? What are the forces that bind the primordial entities 
more and more complex structures that we observe in nature? Is ther 
underlying structure for the diversity one finds in nature? Are there some get 
underlying principles that bring an order into otherwise chaotic reality? Cor 
one find one general principle that would order all reality? 


Abdus Salam is among the latest to join the illustrious company of scien 
who have discovered the fundamental laws governing the physical universe: thi 
English Newton, discoverer of the law of universal gravitation; the Fre 
Coulomb, discoverer of the universal law between electric charges; the Japan 
Yukawa, discoverer of the law governing force among nucleons inside 
nucleus; and the Italian Fermi, who discovered the weak nuclear force. 

Scientists have also tried to understand the complexity and diversity of ni 
in terms of a minimum number of building blocks and a minimum num 
forces between them. The first of these was again the great Newtoi 
postulated that the same laws of mechanics and gravitation as operate 
earth are also operative in the heavens. He thus shattered the duality o 
terrestrial and celestial which had been accepted since the time of Aristotle 
6th century BC. Then there was the great Scotsman Albert Maxwell, who uni 
the electric and the magnetic forces through his laws of electromagne’ 
Maxwell was followed by the great Albert Einstein who spent the last thirty 
of his eventful life for a unified law to explain everything. 

Salam is one of those who have successfully made the first advance tow: 
achieving Einstein’s goal; unifying all forces of nature into a single one. Hi 
succeeded in unifying two of the four fundamental forces into one. 

He was able to prove that the weak nuclear and the electromagnetic for 
are two manifestations of a single force, the electroweak force. Two Ameri 
physicists, Steven Weinberg and Sidney Glashow also arrived at the sam 
conclusion independently. All three shared. the Nobel prize for physics in 1979 


What, however, distinguishes Salam from most fellow scientists is his ver 
strong feeling for humanity, best exemplified by the following lines from Ont 
Khayyam which he is very fond of quoting: 

Ah love! Could thou and I with fate conspire 
To grasp this sorry scheme of things entire 
Would not we shatter it to bits — and then 
Remold it nearer to the heart’s desire. 


-Throughout his working life, Salam has been driven by his desire to crea’ 
better world, It would have been far easier for him to keep busy with hi 
scientific researches, accept Professorial chairs in prestigious seats of learnin 
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make life comfortable for himself and his family. But being strongly aware of his 
ocial being, hence of his social responsibilities, he took the more hazardous 
‘oad. All his life Salam has given as much importance to social concerns as to his 
cientific work. His life is a shining example of a person living a full professional 
ife while fully alive to societal obligations. [...] 


Salam realized very early that the problems of poverty, disease, malnutrition, 
‘anitation, hygiene, and of general underdevelopment, faced by the developing 
ountries including Pakistan cannot be solved unless these countries become 
iterate, acquire scientific knowledge and use it for economic development. He 
Iso realized early that if he has to make any impact he will have to persuade the 
people and the governments in the developing world to understand the 
portance of science in the economic development. Once he became famous 
and began to be accorded respect and attention he started using his considerable 
restige and authority for the cause of education and science in the developing 
world. [...] 


; Another problem of great concern to Abdus Salam has to do with world 
eace. Along with such great scientists as Einstein, Salam has always believed 
t with the development of knowledge in general, and of sciences in particular, 
t has become possible for all inhabitants of the planet Earth to enjoy a life of 
mfort, prosperity, and peace. The world could live without wars. Science has 
rovided the means to increase productivity, lessen the use of materials and 
nergy to levels unheard of in earlier periods of human history. Small nations like 
weden, Finland, Holland, Belgium, Switzerland, Singapore could provide their 
eople with the highest living standards prevailing anywhere without waging 
wats on others. But they have achieved all that by cultivating sciences and using 
them for general economic and social development. 

“He is appalled by the enormous amount of resources which the world spends 
‘armed forces. He is disturbed by the wastage of enormous human and material 
esources spent on the development of new weapons systems, nuclear as well as 


‘onventional. He has joined forces with other prominent scientists in the 
-ugwash movement to campaign for the abolition of nuclear weapons and for 
eneral disarmament. His association and work with Pugwash movement finally 


ulted in the reversal of nuclear armament with the signing of various nuclear 
ms reduction treaties. In 1995, Pugwash movement was jointly awarded the 
bel Peace prize with Prof. Rotblot as co-recipient. 

When the US government announced an extremely ambitious program for 
eveloping antiballistic missile system in the early 80s, Salam, anticipating a 
spurt in the arms race, joined a campaign with other prominent scientists to bring 
ome sanity to this program. This so-called Strategic Defense Initiative (SDI) 
is to cost almost 1,500 billion dollars by the year 2000. Salam argued along 
th many other respected physicists, the fallacy of the very idea behind the 
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strategic defense initiative. As a result of the analysis and criticism b 
scientists and Salam, the SDI program has been greatly curtailed in recent y 


In a number of articles and on various important world forums, Abdus 
has advocated the diversion of human and material resources from war eff 
the welfare of mankind. Just a fraction of the amounts spent on arms diverte 
the cause of human resource development could, according to his argu. 
alleviate much of human suffering from malnutrition, disease, 
unemployment. 

Abdus Salam’s effort for world peace and global disarmament have 
widely recognized. In 1968, he was awarded the Atoms for Peace Medal 
Award. In 1981, he was awarded the Peace Medal by Charles University, Pra; 
In 1986, he was awarded the Premio Umberto Biancamano Medal and Awar 
an Italian Foundation. He has been a long serving member of the Stockh 
International Peace Research Institute (SIPRI). 


It may be interesting to point out that Salam has used the consi 
amounts from his various awards and prizes to establish funds and foundati 
for the advancement of science in the developing countries. 

There have been few men of science born in what is now generally call 
Third World. Salam is perhaps the only one who has made contribution at th 
fundamental level of our understanding of basic physical forces which 
given rise to the universe and keep it going. 

He is unique in another respect. He is proud of his third world backgri 
and Pakistani origin. He has continued to draw sustenance from 
philosophical, cultural, and religious roots while keeping himself in the forefr 
of international scientific community. He is a deeply religious man, who fine 
contradiction between his scientific investigations and his religious b 
However, he firmly believes that religion and science should not be mixed. The 
should be treated separately. He is critical of attempts to read modern physic 
into ancient scriptures. In his view such attempts disgrace the scriptures that hav 
a deeper meaning. Scientific concepts change while scriptures cannot 
problems arise when the veracity of scriptures is sought in the theories of science 


Dr. Salam’s last public meeting in Pakistan, was in Lahore in February 19 
He came on the invitation of the Faiz Memorial Committee to deliver the F 
Memorial lecture. He was received with great enthusiasm. The hall where | 
gave his talk was packed to capacity. He was listened to with rapt attention. H 
deliberated on the whats, hows, and whys of the physical universe, and it 
evolution. He also discussed the situation regarding science in developit 
countries in general and Pakistan in particular. He observed that whi 
differentiates the developed world from the underdeveloped, is science an 
technology, not wealth. The developed world creates science while ° th 
developing world largely consumes it. Salam pleaded with his audience to maste 
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ience because their salvation lies in that effort. He told them that even in a 
developing society it is possible to learn and practice science at the highest level. 
His own example has demonstrated that people in developing worlds can, not 
only just learn it, but also excel in its practice and be even its creators. 


We need heroes and role models. In an age where long-standing idols have 
ppled and giants have been found to have fect of clay; where acknowledged 
leaders preach hatred, intolerance, and violence in the name of religion; when 
truth gets trampled daily on the altar of expediency, we need models of 
compassion, integrity, truthfulness, and humanity. Abdus Salam is such a 
personality that Pakistani youth ought to emulate. Let us all compliment Abdus 
alam on his seventieth birthday, for leading a very fruitful life that has brought 
fame and glory to Pakistan. 


Tide of The Nucleus 71. Hans Blix 72. Federico Mayor 
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67 


Some Condolence Messages from ICTP Files on 
Dr. Abdus Salam’s Death (1996) 


67.1 Dr. Hans Blix, Director General, International Atomic Energy Ag 
(IAEA), November 21, 1996. 
On this saddest of occasions, I wish to join the scientific community 
expressing my sincere condolences in connection with the passing away of N 
Laureate Professor Abdus Salam. As a pioneer of Theoretical Physics. 
founded with the IAEA the International Centre for Theoretical Physics w 
under his leadership has helped innumerable scientists from developing countri 
to keep up with the latest scientific developments and to continue their w 
promote scientific progress. ae 


67.2 Dr. Federico Mayor, Director General, UNESCO, Paris, November 
1996. 

Professor Salam will forever be remembered as a man of exce 
achievement and human qualities. ... He was an outstanding science lead 
UNESCO and I have lost a friend and we shall greatly miss his w 
guidance and encouragement. 


67.3 Prof. Zhou Guangzhao, President, Chinese Academy of Scien 
Beijing, November 22, 1996. 

It is with great shock and sadness that we learnt the passing away of Pr 
Abdus Salam. ... The passing away of Prof. Abdus Salam is a great loss to 
world scientific community and particularly to the Third World scientific 
community. His enduring effort in promoting the progress of science in the Thi 
World countries as well as his friendship towards the Chinese people ‘an 
Chinese scientists will be remembered forever. 


67.4 Dr. R. Amrollahi, Vice President of the Islamic Republic of Iran al 
President of the Atomic Energy Organization of Iran, Tehran, November 2 
1996. 

This loss is not confined to the premises of the ICTP but belongs to. 
international community in general and the scientists of the developing counttri: 
in particular. He was and shall remain an inspiration to us all and we shou 
repay our debts to him by following his path and his visions. 
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| 67.5 Sir Arthur C. Clarke, Chancellor, University of Moratuwa, Sri Lanka, 
| November 25, 1996. 

> Thad kiown [him] well Syne to our membership of various international 
i scientific organizations.” 


6 Prof. Ayhan O. Cavdar, President, Turkish Academy of Sciences, 
ember 25, 1966. 

On behalf of the Turkish Academy of Sciences and the Turkish scientific and 
-ademic community, I express deep sorrow and sincere condolences at the loss 
‘Professor Abdus Salam, most distinguished scientist, and tireless promoter of 
jentific values for the benefit of humanity. His successful example will 
ntinue to inspire us, and to live in the institutions and traditions he started. 


7,7 President Julius Nyerere, Chairman of South Commission, Former 
President.of Tanzania, Dar-es-Salaam, November 26, 1966. 

, Abdus Salam was a very special human being, who combined a commitment 
to pushing forward the frontiers of science with a deep sense of responsibility to 
e countries and peoples of the developing world. 

The South Commission Report would have been very different - and much 
ss useful — without his contributions to the many discussions held and his 
onstant reiteration of the importance of promoting the development of Science 
é Technology within developing countries. 

Professor Salam was also a person who won respect and affection from all 
ose who came to know him through the South Commission. We were all 
ddened by his progressive illness since 1988, but also inspired by the example 
f his great courage in facing (and for a long time overcoming) the increasing 
physical disabilities from which he suffered. 


7.8 Dr. M.J.A. Larijani, Director, Institute for Studies in Theoretical 
Physics and Mathematics (IPM), Tehran, Iran, December 4, 1966. 

Abdus Salam continues to live through his legacy. The scientific community 
: Iran and in particular IPM and its scientific staff have been direct beneficiaries 
f Professor Abdus Salam’s many deeds of generosity. His vision, leadership and 
ioneering ideas continue to guide and inspire us in our endeavor to develop 
Cience arid a scientific community in our country. 


7.9 Dr. G. Thyagarajan, President, International Council of Scientific 
nions, Chennai, India, December 5, 1966. 

Professor Salam strode the world science scene majestically and most 
mirably. Third World scientists looked up to him for inspiration and guidance. 


* In a personal letter Sir Arthur wrote to me: “In the context of Buckminster Fuller’s . 
id your Humans in Universe, your friend [Professor Salam] was a good and beautiful 
an in the universe.” - Anwar Dil 
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His many prompt initiatives to give stature to Third World scienti 
organizations will be remembered and recognized and respected forever 
Although Professor Salam was in indifferent health during the last four year 
scintillating intellect assured us that he was going to be with us for many, ma 
more years. However, that was not to be. His death is premature and remc 
from the world scene a gentleman scientist of extraordinary and unparalle 
qualities and abilities. 


67.10 Dr. Fawzi Gharaibeh, President, University of Jordan, Am 
November 30, 1996. 4 

Indeed, Professor Abdus Salam’s death is a severe blow to his friends 
colleagues and his immense interest in promoting science, research and ed 
in Third World countries earned him the respect and admiration of all those 
worked closely with him. All of us here, at the University of Jordan, reme 
very vividly his sterling efforts in putting the agreement between o 
institutions into action, and pursuing its implementation for our mutual be 
His work lives.on and he shall be for long missed by everyone. 


67.11 Dr. Dhruba Man Singh Amatya, Vice Chancellor, Royal: 
Academy of Science and Technology, Kathmandu, December 5, 1966 

We Nepalese have lost one of our most sincere friends and well-wisher 

Professor Salam’s visits to Nepal during participation in Summer S 
Physics, will be long remembered. His suggestions and advices during 
have helped a lot for creating conducive environment for the developme 
Science and Technology in Nepal. His encouragement and assistance for: 
establishment of Third World Academy of Sciences (TWAS) Award in Nepa 
unforgettable. 

I had personally seen and listened to him in Geneva in 1962 die th 
United Nations Conference on Science and Technology when he delivere 
brilliant speech. 


67.12 Dr. Heitor Gurgulino de Souza, Rector, United Nations Universit} 
Tokyo, December 5, 1996. 

It is with profound shock and regret that I learned today of the death 
Professor Abdus Salam, a friend of the United Nations University, whom I 
the pleasure of meeting before his retirement. 

His passing away is a great loss for the academic and scientific commu 
as he had significantly contributed to the progress of science, especially. 
developing countries. It is also a great loss for the United Nations University 
he had not only been involved in its establishment but had also acted. 
Chairman of its Advisory Committee for.many years. 

All the staff of the United Nations University join me in expressing 
deepest sympathy. 
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7.13 Dr. Salha Sankar, Minister of Higher Education, Syrian Arab 
epublic, Damascus, December 12, 1996. 

» On behalf of the Ministry of Higher Education and the other two Syrian 
istitutions, members of TWNSO, The Scientific Studies and Research Center, 
nd the Atomic Energy Commission, I express to you our deepest sorrow and 
ncerest condolences for the passing away of Professor Abdus Salam. 

» Professor Abdus Salam will forever be remembered as a great scientist of the 
hird World and its leading proponent of Science and Technology based 
evelopment. His unswerving faith in this cause and his dedication and his life 
yng struggle to promote it will provide inspiration for generations to come to all 
cientific communities in the Third World seeking to contribute to the national 
evelopment of their countries. 


7.14 Dr. Ruth Zagorin-Hopper, Chairman, The International Federation 
f Institutes for Advanced Study (IFIAS), Toronto, Canada, December 19, 
996. 

I wish to express on behalf of all in IFIAS our great sadness. We are all very 
conscious of the many contributions that Abdus Salam has made to humanity, as 
1 as to physics, particularly through the role he played in the creation of ICTP 
nd the Third World Academy of Science and its related organizations. 

But Abdus Salam also holds a very special place in the history of IFIAS: 
m his presence at the 14th Nobel symposium, where the concept originated; 
ough the meetings at Serbellini, where it was given form; to its Founding 
iceting in October 1972, which he hosted. Now ICTP continues to be one of the 
ndation stones on which IFIAS knows it can build. 


7.15 Dr. Thomas R.R. Odhiambo, Director, The International Centre of 
ect Physiology and Ecology (ICIPE), Nairobi, Kenya, December 20, 1996. 
It is with great sorrow and a sense of deep loss that we have just learnt of the 
th of Professor A. Salam — a great scientist, a great humanist, and simply a 
sionary man. He leaves a yawning gap in our thinking lives. 

. We mourn him; and wish him a peaceful place in Almighty God’s presence! 


16 Dr. Victor Latorre, Director of Multiciencias, Lima, Peru, November 
1996. 

I write with a heavy heart at neeang of Prof. Salam’s passing away. 

He was a tremendous source of inspiration for us all. It was a source that for 
er thirty years drove us in the-right direction. I can even hear his powerful 
ch resonating in Miramare when I first met him. He changed my life and I 
sroud of it. He set Multiciencias goals, gave it its initial momentum, and 
it along the way. 

He would like us to move even faster and do our work even better. 


522 science for Peace and Progress 


67.17 Dr. Rohan H. Wickramasinghe, Director, Institute of Tr 
Environmental Studies, Colombo, Sri Lanka, November 22, 1996. 

Professor Salam, who honored Sri Lanka by visiting and presenting lect 
in this country, was an inspiration to the scientists of this country. Furtherm 
in addition to his immense contribution to human knowledge, he will alway 
remembered with especial respect and affection by scientists of the Third. 
and the peoples of South Asia for his determined efforts in support o 
further scientific development. We are truly saddened by his passing away 


67.18 Dr. Asghar Qadir, Professor of Physics, Quaid-i-Azam Universi 
Islamabad, November 22, 1996. 

This is to convey to ICTP my deep sense of personal loss at the demis 
Prof. Abdus Salam. Despite his having been ill for so long, one felt his prot 
presence and feels lost and rudder-less after him. Not only Pakistan, not only 
Third World, but the entire World, has lost a true friend who cared for its welf: 
~ not abstractly but with a deep personal concern. The scientists of the T. 
World will only now begin to realize their enormous debt of gratitude to this 
who fought for their interests. We, of Pakistan, can be proud to have prod 
such a man for the rest of the World but can hardly hope to produce another su¢ 


67.19 Dr. M.S. Swaminathan, M.S. Swaminathan Research Foundatio1 
Chennai, India, November 25, 1996. 
It is with very great sorrow we learnt the sad news about the demise of 
Abdus Salam. We will never see a person of his concern and commitmen 
improving the quality and effectiveness of Third World science. He was on 
those unique theoretical scientists who brought their enormous visio 
wisdom to bear on the day to day problems of Third World science. 


67.20 Dr. R. Ramachandran, Director, The Institute of Mathema 
Sciences, Chennai, India, November 25, 1996. 

The members of the Institute of Mathematical Sciences, Chennai, gather 
on 22nd November at 5.00 p.m. to pay homage to Prof. Abdus Salam. 

The meeting recalled his role as one of the architects of our mode 
understanding of the fundamental forces of nature. During his long and brilli 
career, Prof. Salam was at the forefront in an era when tremendous advances to 
place in high-energy physics. His contributions, particularly to the theory: « 
electromagnetic and weak forces, place him in the ranks of the great scientists o 
all times. 

Prof. Salam had a long association with many scientists from India aad hat 
warm appreciation of this country’s scientific institutions and achievements. T- 
meeting recalled Prof. Sala4m’s warmth and friendliness in all his person 
interactions, which many of the members of this Institute had occasio1 
experience. 
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Prof. Salam’s many faceted contributions to science and to society will 
emain an inspiration for all to come. 


7.21 Dr. Galileo Violini, Director, Comisién Europea, Universidad de El 
alvador, San Salvador, November 27, 1996. 

J have been in contact with Professor Salam for about thirty years, not only 
or my scientific activity, but mainly in connection with the creation and the 
levelopment of a Center of Physics in Colombia, established very much along 
the model of ICTP. In this activity he has been for me a constant point of 
eference, with his ideals, experience and availability, to collaborate and support. 
Moreover, the Center was honored by having him as Chairman of its 
International Scientific Council for almost a decade. 


67 .22 Dr. Tchavdar Paley, Bulgarian Academy of Sciences, November 27, 
1996. 

Back in 1967, the first years of ICTP, he introduced and guided me into the 
imazing world of High Energy Physics. I owe a lot to him. ... Professor Salam 
did a lot for the scientific growth of our Department of High onene? Physics at 
the Institute of Nuclear Physics and Nuclear Energy of the Bulgarian Academy of 
Sciences, 


67.23 Dr. D.A. Akveampong, Department of Mathematics, University of 
Ghana, November 28, 1996. 

Prof. Abdus Salam’s contributions to the promotion of advanced research in 
the basic sciences in Africa, in particular, will be with us forever. 


67. 24 Dr. Sing Lees, University of Malaya, November 29, 1996. 

Tt was a visit of Prof. Abdus Salam to the Plasma Research Laboratory at the 
University of Malaya in January 1986 during our UNU Training Programme on 
asma and Laser Technology and the grant that he gave for follow-up equipment 
the UNU Fellows that has played a key role in the formation of the AAAPT in 
1988. It was in remembering what he saw on that visit that Prof. Abdus Salam 
ad agreed to be the Patron of AAAPT. His ideals and ideas had inspired the 
actions and results of the AAATP.1 
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68 


Excerpts from Selected Obituary Articles on 
Dr. Abdus Salam (1926-1996) 


68.1 “A Hero is Gone” by Dr. Pervez Hoodbhoy. The Dawn 
(Karachi), November 22, 1996. 


With the death of Prof. Abdus Salam, the world has lost one of the might. 
intellectuals born on the subcontinent, and the most powerful and influenti, 
advocate of science for developing countries. ‘To the world of physics he ha 
a legacy, known as the Unification Theory that is now a benchmark ag; 
which future progress in physics will be measured. To the countries of the T. 
World, he has left behind a unique institution in Italy, which invites and be 
over a thousand scientists each year. 


I first saw Prof. Salam in 1972 when he came to Cambridge, Massachusett: 
to give a talk at MIT. I was nearing the end of my Master’s degree in physic 
I understood nothing of his lecture and just sat in awed wonder. From the criti 
appreciation of the audience, who included some of the most well-kn 
physicists at MIT and Harvard, I was however able to infer that this was 
ordinary seminar and Salam was considered no ordinary visitor. 


It was many years later, and after having had to learn a great deal more 
physics, that I was able to understand Salam’s incredibly deep and beautiful wor! 
of physics which earned him the Nobel Prize in 1979. It is hard to desc 
something so sophisticated in simple words but an analogy might help. Mor 
than a century ago, James Clark Maxwell had showed that magnetism 
electric forces were actually the same thing, an achievement which led t to “th 
discovery of radio waves and much else. 

In 1968, Salam showed that electromagnetism and the so-called “we: 
forces”, which lead to light and heat being emitted from the sun and stars, w 
also actually just different aspects of a more fundamental “electroweak” forc 
His discovery, and prediction of certain particles completely unknown at t 
time, sparked a wave of interest all over the world and billion-dollar ea 
were set up to check the predictions. 


Salam was an intimidating personality. I can remember that the first tim 
asked him a physics question was after I had received my doctorate in nucle: 
physics in 1978, “Go look it up ina book,” was his curt reply. I felt thorough! 
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hastened and small. It wasn’t until 1984 that I approached him again. It was 
ifferent this time, and we developed an understanding, which grew deeper and. 
inet with each passing year. He asked me to co-author with him an article. I 
ccepted instantly, feeling distinctly proud of the honor. [...] 
Salam is gone. There is no Pakistani, or for that matter any scientist from any 
Muslim country, who even remotely approaches him in stature. The loss is 
rreparable, Let us mourn. 


8.2 “Abdus Salam -The Human Side” by Dr. Mujahid Kamran, 
Professor of Physics, University of the Punjab, Lahore. The News 
nternational (Karachi), November 26, 1996, 


From a very early age Salam, under the watchful eyes of his father, 
eveloped a love of reading. I once said to him that his father had left a deep 
mark on him to which he promptly responded, “Yes, you are correct.” 

He was not only brilliant but also had the gift of immense concentration. He 
was able to develop and retain this trait throughout his life. There are numerous 
nstances, which illustrate this. I will mention only two, one from his childhood 
nd one from his later years. The childhood incident has been narrated to me by 
his first cousin Col. G.M. Iqbal, who is also his brother-in-law. One day, his 
mother kept on calling him but there was no response. The worried family 
aunched a search for him. Eventually, he was discovered inside the house hidden 
behind a stack of quilts reading a book quite oblivious of the hullabaloo that 
accompanied the search for him, Col. Iqbal further said that Salam used to find 
for himself suitable nooks and corners or other places in the house where he 
could concentrate on whatever he was reading. 

_ The second incident is from the year 1992 when I last met him. At the time 
his ‘illness, a rare disorder of the nervous system, had rendered it impossible for 
him to walk easily even with a stick. Adjoining his office was a room where he 
used to rest alone around lunch time. He asked me to walk him to that room. It 
was with quite a bit of difficulty that we managed to walk upto the door of his 
office when he spotted a recent research paper lying on the top of a stack of 
papers on a chest-high safe or rack. He stopped instantly and started looking at 
the paper. And then suddenly I felt that he was no longer with me. He was 

mpletely absorbed in it for several minutes and I could sense his immense 
powers of concentration. His illness, his difficulty in standing, seemed to have 
disappeared for those minutes and there was an air of such intense absorption 

out him that it appeared to me that he would not come out of it. Then he 
gradually came out of it and we walked to the next room silently. 

Salam was gifted with an extraordinary memory. While he was a college 

dent his class fellows were well aware of this gift of his. Prof. Dr. Waheed 
Qureshi, one of the foremost experts in Urdu language and literature, was his 
ass fellow in B.A. at Government College, Lahore. Dr. Qureshi has confirmed. 
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to me the following incident. One day, a group of class fellows including’ S$ 
walked through Anarkali Bazar. When they reached the other end, Dr. Wa 
Qureshi tested Salam by asking him to recall the name boards on the shops ‘o 
right side. In the words of Dr. Qureshi, Salam was able to recall “about 90% 
the names. Dr. Qureshi remarked that what was remarkable was the fact th 
question was not planned and Salam had not been mentally prepared: in 
regard before hand. 


68.3 “Abdus Salam: A Torch of Light” by Dr. Zafar H. Za 
University of Karachi, at the Opening Ceremony of the 8th Gen 
Meeting of the Third World Academy of Sciences, Trieste, Novembe 
26, 1996. 


The scientific accomplishments of Prof. Salam are univer 
acknowledged. Rather than recounting his academic accomplishments,: in. 
limited time I have, I shall confine myself to certain aspects of his persor 
which have left an indelible mark in the hearts and minds of his compatriots 
foremost of these was his humility which stemmed out cf the greatness: oO 
mind and soul. 

Pakistan, his motherland, is extremely proud of her iilustrious son who's s 
for enlightenment all his life. He was up against massive hurdles raised b 
forces of darkness and obscurantism, but his spirit remained undaunted. 
worked tirelessly to convince the powers that be in the Third World cou 
that scientific progress was sine qua non for the spiritual and material well be 
of their people. His concern for scientific progress was universal; noneth 
science and its future in Pakistan claimed a special place in his heart. 

As the world bids an eternal farewell to him, Pakistan bleeds and enfold 
in an eternal embrace. 

I recall a similarity in Prof. Salam and another great man of the 
continent, also a Nobel Laureate, Rabindranath Tagore, who was in search of. th 
same truth, but in a different realm, that is, literature and arts. I would ii 
recite a couplet from Tagore’s Gitanjali: 

T dive down into the depth of the ocean of forms, 

Hoping to gain the perfect pearl of the formless. 
The two are now not with us, but the torch of light they carried will continue 
light our path. 


68.4 “A Man of Remarkable Vision”. The Times, London, Novemt 
26, 1996. 


Professor Abdus Salam, theoretical physicist and Nobel laureate, died 
November 21, age 70. He was born on January 29, 1926. 
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The death of Abdus Salam leaves the world of theoretical physics 
without one of its most distinguished and respected members. Born in Jhang, 
Pakistan, he was soon to display the outstanding creative ability that was such a 


“paper was produced at the early age of 17. Undergraduate and postgraduate 
degrees followed from Government College, Lahore, and from the University of 
Cambridge. 

The focus of his research was quantum field theory, with particular 
emphasis on the Jong-term goal of finding a unified approach to the fundamental 
forces at work in the worlds of nuclear and sub-nuclear physics. In the 1960s 
“Salam was closely involved with the attempts to construct a theoretically 
coherent account of the “strong” interactions that bind together the constituents 
f nuclei. 

The mathematical technique on which he worked at that time provided 

e foundations of the developments that followed a sustained program of 
search culminating in his construction of a theory that unified the electric and 
agnetic forces with the “weak” nuclear force responsible for the radioactive 
ecay of elementary particles. The dramatic confirmation of this theory by 
Xperiments at the European particle-accelerator facility CERN lead to his 
haring the 1979 Nobel prize for Physics with the American physicists, Sheldon 
lashow and Steven Weinberg. This critical theoretical development became the 
entral component of what became known as the “Standard Model” of the 
lectromagnetic and nuclear forces. 
The incorporation of the gravitational field into this unified picture is a 
otoriously difficult problem and it is no surprise that this is another area to 
which Salam turned his formidable attention. The solution of this particular issue 
‘Temains elusive but, working with his long-term collaborator John Strathdee, 
alam developed some of the main tools for handling the “superfields” that later 
ecame major ingredient in the development of the superstring theory currently 
ne of the most promising approaches to the problem of adding gravity to the list 
f unified forces. 

In addition to his brilliant intellectual gifts, Salam was a man of 
emarkable vision and outstanding energy who played a major role in developing 
cience throughout the world. Of particular significance was his success in 1964 
in persuading the Italian government and the UN to found a research institute for 
theoretical physics in Trieste, Italy, the prime mission of which was to provide a 
ase for young scientists from the developing countries to carry out research with 
ach other and with visitors from the West. 

Salam was the director of the International Centre for Theoretical 
Physics from 1964 to 1993, and it is a striking tribute to his charismatic and 
nergetic personality that the Center survived, and indeed, flourished 
notwithstanding the numerous political difficulties that inevitably accompany an 
international project of this kind. ... He was also deeply concerned about the 
proliferation of nuclear weapons and served on many high-level committees 


‘consistent feature of his professional career. Indeed, his first published scientific . 
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involved in the promotion of international peace and collaboration and 
development of peaceful uses of atomic energy. . 

On a personal level, Salam was a striking man. 1. Any young scientist who: 
the privilege of working closely with him invariably found it to be 
exhilarating and character-forming experience. In addition to his. g 
intellectual gifts, Salam had a genuine sense of humor, including that rares 
qualities of being able to laugh at himself. A warm twinkle would: ofte 
accompany his more unorthodox suggestions as to how exactly the foundatio 
physics should be revolutionized. 


68.5 “Professor Abdus Salam — Some Reminiscences” by Prof. Sa 
A. Durrani, School of Physics and Space Research, University 
Birmingham, UK, December 1996. 


My earliest memory of Salam goes back to the early 1940s — perhap. 
summer of 1940 when we in the Punjab of undivided India suddenly heard of 
young Muslim student from an obcure school ia Jhang who had shattere 
matriculation record of the University of the Punjab. 

Soon thereafter a personal connection became known to me. I learnt thi 
grand-uncle of mine, Hakim Muhammad Hussain, was, in fact, the Princij 
the Government Intermediate College at Jhang, where he had taken a 
personal interest in Salam’s education. . 

It was at Government College, Lahore, that I first sighted Salam. 1 He 
already a legendary figure, a lean, handsome, tallish young man, with a SI 
brush moustache, who was rarely seen outside his classrooms or his hostel 1 
T, too, was resident of the New Hostel, where Salam resided as a boarder, an 
where there were stories abroad about the superhuman industriousness of S 

. Anyway, soon after my arrival, Salam left the Government College, Lah 
for Cambridge, trailing clouds of glory. Then, around 1951, Salam returned to 
College as a lecturer. He was then teaching a course of Quantum Mechani 
the University, and was staying at the house of the Principal of Governme: 
College, Qazi Muhammad Aslam. I sometimes ran into Salam at the C 
swimming pool. I was at the time a student of the M.Sc. class in Physics, 
used to attend his lectures. Salam was an informal man and very friendly to 
students. 

An important event during that time was an international confere 
organized by the Pakistan Association for the Advancement of Science at Lah 
which was attended, among others, by several Nobel Laureates, including 
G.P. Thomson and Professor A.V. Hill. During this meeting many of us realiz 
in what high regard Salam was held by the top scientists of the world; thi 
very uplifting for young students of science in the country. After the confere 
the participants were taken by train to visit Peshawar and the historic Kh 
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Pass. During that train journey, I had the opportunity to have several discussions 
with Professor Salam. 

-  Jnext saw Salam in Cambridge, where I had gone for my Ph.D. studies at the 
Cavendish Laboratory on an Open Research Studentship in 1953. Salam arrived 
in Cambridge in 1954 as a Fellow and lecturer at St. John’s College. I again 
attended his lectures (and those of P.A.M. Dirac) at the Department of 
Mathematics, University of Cambridge. I was struck by the mastery of both of 
these lecturers of their abstruse subject: Theory of Quantum Mechanics. But 
Salam also used to attend the meetings of societies such as the Majlis (which 
embraced students from the Indian sub-continent and concerned itself with their 
cultural and social activities.) [...] 


After my Ph.D., it was Salam that I turned for advice as to the next step in 
my career. He suggested that I join the Atomic Energy Commission of Pakistan, 
it being the only scientifically active organization in the country. He offered to 
introduce me to Dr. LH. Usmani, the brilliant Chairman of that Commission, who 
as a personal friend of Salam and always stayed with Salam at his Putney house 
in London whenever he was visiting England. This Salam did when Dr. Usmani 
next came to England, and so I met Usmani in Oxford. He said that working on 
hyperons was of no interest for Pakistan, and suggested that I change my field 
and specialize in reactor physics. This I did, and spent the next three years 
orking with the UK Atomic Energy Authority at Harwell and Winfrith. I 
eventually joined the Commission in 1963, and was appointed Director of ‘the 
tomic Energy Centre at Lahore. Salam was a frequent visitor to that Centre in 
s capacity as Chief Scientific Advisor to the President of Pakistan. [...] 


In 1967, I jomed the faculty of the University of Birmingham, in the 
Department of Physics. And in 1979, when Salam won his Nobel Prize, I wrote 
“congratulate him. In his reply he wrote: “I am sorry your grand-uncle is not 
ive anymore — for he would have been proud of me today.” 


. My next substantive interaction with Salam was in 1991 in Trieste, where I 
had gone as a faculty lecturer in a Radon workshop at the ICTP. Salam invited 
‘me to lunch and then a chat in his office early one morning. There he explained 
to me his concept of the Commission on Science and Technology in the South 
“OMSATS), which would be composed of heads of states or governments of 
Third World countries of the globe, so as to exercise at the very highest level, 
will for a revolution in science and high technology — which he had been 
hing for several years as President of the Third World Academy of Sciences. 
ing that November 1991 encounter, Salam was bemoaning the lack of 
gress in holding the foundation meeting of COMSATS in Pakistan — the 
ntry he dearly wanted to host the first meeting. He said [Prime Minister] 

it Bhutto had agreed to join the Commission and hold the foundation 
tings here — but her Government had fallen before she could do so. ‘The new 


530 Science for Peace and Progress 


Government, headed by Nawaz Sharif, had, he said, been dragging its feet: 
the spur of the moment | offered to do what I could to help his cause — sin 
happened to be going to Pakistan in a month’s time for a science conferen 
asked him to give me a letter addressed to the President of Pakistan, with a 
to the Prime Minister. I also proposed to him that, by way of inducemen 
should offer to locate the headquarters of COMSATS in the country that host 
the foundation meeting. Salam readily agreed to both my suggestions. 
Armed with Salam’s letters, I first called on the President of Pakistan; N 
Ghulam Ishaq Khan, in January 1992. The President proved a hard nut toc 
but eventually he gave his blessing to the proposal, and asked me to see 
Prime Minister, who was the proper authority in the matter. The Prime Minis' 
was then away, but I finally caught up with him at the Economic Summi 
Davos in Switzerland on February 1, 1992. Fortunately, 1 was able to persua 
Mr. Nawaz Sharif that the foundation meeting of COMSATS be held in Paki 
— and even agree to a provisional date, February 1993 in Lahore. The: Pri 
Minister ordered a provision of US$2 million to be made in the next budget f 
the conference, likely to be attended by up to fifty heads of state/governme 
rang Salam in Oxford, from Davos, with the good news; he was very pleas 
with the outcome and asked me to thank Mr. Nawaz Sharif and invite hin to. 
ICTP whenever he had a chance. 
In June 1992, when the Prime Minister of Pakistan was passing thro 
London on his way back from the Earth Summit in Rio de Janeiro, I drove S 
from Oxford to see Mr. Nawaz Sharif at the Dorchester Hotel in London. 
Sharif was visibly distressed to see Salam in such a poor state of health. He 
to Salam: “Sir, because of you, there is much honor to Pakistan. And that, in. 
has brought honor to us. Please give us any orders, and we shall be happ 
carry them out; and if there is anything that we can do to alleviate your h 
problems, please do not hesitate to let me know personally.” It was all ve 
touching, and showed in what high regard Salam was held by the leader 
Pakistan. The final decision on dates for the COMSATS foundation meeting 
however, deferred to the TWAS General Conference in Kuwait, to be held 
November 1992. But once again, the Government of Pakistan (this time, 
Nawaz Sharif’s) fell before the meeting could be held. 
We had to start all over again. Benazir Bhutto was once again in power, an 
obtained a new letter from Salam, addressed to her, during the TWAS. 
Anniversary Celebrations in November 1993, and fortunately she agreed to h 
her earlier pledge. She said Pakistan greatly needed Professor Salam’s help 
guidance, and on hearing in what poor health he was, she immediately sent 


ee 


personal get-well message and ordered a me to be delivered to him a 
London hospital. 

The Foundation Meeting of COMSATS duly took place in Islamabad from 
to 5 October 1994, with great pomp and ceremony, and the perman 
headquarters of the Commission was located in Islamabad. But alas the auth: 
all. that grand plan was too ill to attend the meeting where his long-cherish 
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dream was coming true. I had actually foreseen that eventuality, and had formally 
proposed to both TWAS and ICTP that a portrait of Salam be painted for the 
occasion of the COMSATS meeting. I asked the world-renowned Pakistani 
portraitist Mr. Gulgee (who had done portraits of DeGaulle, the Shah of Iran, and 
Aliama Iqbal) to make a special portrait of Salam — who was too ill to sit for a 
proper portrait. These sketches were then displayed at the COMSATS 
Foundation Meeting. So, if Salam was not able to be physically present at this 
historical meeting, at least his portrait sketch was there to savor the occasion. The 
selected sketch out of the series executed by Gulgee was shipped by me to 
Trieste from Islamabad in early 1995 — and it now hangs in the Galileo Galilei 
Guest House of the International Centre for Theoretical Physics. 


I saw very little of Salam after the September 1994 portrait-making meeting 
until his death in November 1996, although J did speak to him over the telephone 
once or twice — when all I could hear was some whispers in his native Punjabi 
language. At the request of his wife, Louise, I translated for her into English 
some of the ghazals of the great Urdu poet Ghalib (1797-1869), whose tapes, she 
said, Salam enjoyed listening to, finding much solace in Ghalib’s poetry. I sent to 
Professor Salam a cassette of a selection of the Urdu and Persian poetry of the 
poet-philosopher of the East, Muhammad Iqbal (1877-1938), which the Iqbal 
Academy (UK) — of which I am the Chairman — had produced in 1992. Salam 
was very knowledgeable about Urdu and Persian poetry, and Mrs..Salam said 
that he very much appreciated the tapes. 


SE 


So, these are some of the reminiscences of the great man, Salam, whom I 
consider to be a scientific. genius, on a par with Einstein, Dirac and Heisenberg. 
In the view of many of us, Salam deserved a second Nobel Prize — this time the 
Peace Prize for his life-long service to the development of science in the Third 
World. The ICTP and TWAS are two of his brain-children that will continue to 
‘glorify his name and his dedicated endeavors for science and for the Third 
World. 
. Inthe words of the 14th century Persian poet Hafiz: 

He whose heart has been animated by love, never dies 
His immortality leaves a lasting imprint on the Chronicles of Time. 
Salam’s name is, verily, so imprinted. 


68.6 “Farewell to Abdus Salam” by Julius Nyerere, South Letter, The 


‘South Centre, No. 27, December 1996, 


Professor Muhammad Abdus Salam, member of the South Commission from 
akistan, died on 21st November 1996, at the age of seventy. Nobel Prize winner 
‘in Theoretical Physics, he was internationally famous for. his ‘intellectual 
chievements but, especially in the South, also as the founder and leader of the 
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Third World Academy of Sciences and a leading champion of the role of § 
and Technology in development. Being on the South Commission broadened 
did not add much to his fame; it did make a lot of difference to the Report 
Commission, : 
Abdus Salam was committed to two things: to Science; and to 
development of the countries of the South. From the first meeting of 
Commission, the other members learned that, to Professor Salam: 
development of South countries depended upon their giving first priori 
Science. Whatever aspect of development was under discussion, Abdus S 
brought it round to Science and Technology. 
The emphasis given to Science and Technology in the South Commis 
Report — The Challenge to the South — is thus entirely due to Abdus Salam. T 
the subject was completely integrated into the Report, rather than being isolat 
in one or two chapters, can be attributed in part also to his work in tandem: 
another Commission member, Augustin Papic. 
Despite his deteriorating health from the end of 1988, Abdus Salam 
assiduous in attending South Commission meetings, including that called in 19: 
— two years after the Report was published. That same year, encouraged b 
success on the South Commission, but wanting still more emphasis, he expanc 
on the facts, figures, and arguments in a publication entitled Scien 
Technology: Challenge for the South. And later still, it was as a result of hi 
initiative that the Profiles of Institutions for Scientific Exchange and Traini 
the South was prepared by the Third World Network of Scientific Organizations 
and published jointly by the South Centre. : 
His single-mindedness did not always make Abdus Salam an easy colleague 
But everyone on the Commission liked him — as well as respected him, F 
was a man of great simplicity of character, demanding nothing for himself excep 
a chance to serve what he believed in. The South Centre is among’ mar 
organizations dedicated to the development of the countries of the South whi 
are poorer for his passing. 


68.7 “Abdus Salam (1926-96)” by Dr. Seif Randjbar-Daemi, 
International Centre for Theoretical Physics, Trieste, Italy. [“Obituary” it 
Nature, Vol. 384, December 12, 1996, p. 520.] 


Among the great intellectual achievements of this century is the theory 0 
elementary particles that has come to be known as the Standard Model: 
represents the cumulative effort of many profound and imaginative thinker 
whose common motivation was to find some glimmer of understanding as. 
what the physical world is made of and how it works. This kind of endeavor 1 
very much in the European tradition, and much of the work was carried out in 


wealthy universities of Europe and North America. But among the creators ’c 
this intellectual system there are some from other, less wealthy parts of th 
world. One such is Abdus Salam, who died on November 21. Salam made: 
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major contribution to the creation of the Standard Model. For this work he shared 
the Nobel prize with Steven Weinberg and Sheldon Glashow in 1979. 

The Standard Model is the best existing mathematical description of the 
physical phenomena that take place on subnuclear scales. Its predictions have 
been confirmed to a high degree of accuracy. The main element in the 
construction of this model is a type of field theory known as Yang-Mills theory. 
In the 1950s, Salam, together with J.C. Ward, was one of the first to appreciate 
the significance of the Yang-Mills theory in the description of weak nuclear 


Then in 1962 an important theorem, due originally to Goldstone, was proved 
by Salam, Weinberg and Goldstone. Its extension and application to models of 
he Yang-Mills type by Higgs, Kibble and others led to an understanding of how 
he Yang-Mills vector particles can become massive. This was the last ingredient 
needed for the construction of a unified theory of weak and electromagnetic 
‘interactions, and the electroweak theory of Weinberg and Salam soon followed. 


[..-] 


A guiding principle during his entire active life was that of symmetry. During 
the early 1960s, together with Gell-Mann and others, he emphasized the group- 
theoretical classification of hadrons. Salam’s contribution, together with John 
Strathdee, to a rather abstract form of symmetry known as supersymmetry is well 
known, In 1974 and 1975, they invented a mathematical framework of 
supersymmetry known as superspace. As an aside, it may not be well known, 
even among the experts, that several terms in common use by physicists, such as 
electroweak theory, astroparticle physics and supersymmetry, were invented by 
Abdus Salam. 

’ Also in the mid-1970s, Salam and Robert Delbourgo were the first to 
formulate a possible violation of the equivalence principle in general relativity, © 
due to the quantum effects of chiral fermions. This work influenced the 
development of gravitational instantons by Stephen Hawking and others. Salam 
and Jogesh Pati were among the first group of theoreticians to propose the idea of 
a grand unified theory encompassing electroweak and the strong nuclear forces, 
and that in such models the proton may be unstable. [...] 


Even if he had not been such a creative and influential scientist, Salam would 
have been remembered for the creation of the ICTP and for his charismatic 
leadership. The Centre has had a significant impact on the development of 
science in that large part of the world where, perhaps due to social and political 
conditions, the basic sciences are almost completely ignored. The ICTP is, and 
has been, a meeting point for physicists of all cultures and religions. For 
example, during the Cold War it was one of the few institutions where scientists 
from the Soviet bloc countries could meet and collaborate with their Western 
colleagues. 

The ICTP has overcome many seemingly insurmountable difficulties to 
become as well established as it is now. Only a person of Salam’s moral and 
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intellectual power, fired by a dedication to the well-being of the neglected part 
humanity, could have made this enterprise survive. His relentless efforts 
political front are legendary. He talked with some of the most important politic 
leaders of his time, from John F. Kennedy and Zhou Enlai to Francois Mittetr 
and Margaret Thatcher. [...] 


Dating his last years of life Salam suffered from neurological disor 
progressive supranuclear palsy. This was perhaps the only significant bat 
among so many, that he fought but did not win. He bore the illness with gr 
and tranquility. He accepted with equal humility the great gifts that enabled I 
to act so effectively in science and for the Third World, and to fa eth 
vicissitudes of illness. 

It was difficult not to be impressed by the forceful but deeply hifi 
personality of Abdus Salam. He had a genuine respect for others and a vi 

intelligent sense of humor. What he generously gave to others were his time 
inspiration, perhaps the most valuable gifts that such a singular person coul 
offer to his fellow a beings. 


68.8 “A Tribute to Abdus Salam” by Dr. M.J. Duff, Center 0 
Theoretical Physics, Texas A&M University, USA. An after-dinne 
talk at the “Workshop on Frontiers in Field Theory, Quantum 
Gravity and String Theory”, Puri, India, December 12,1996. 


The death earlier this month of Abdus Salam was a great loss not only te hy 
family and to the physics community, it was a loss to all mankind. For he was no 
only one of the finest physicists of the twentieth century, having unified two 
the four fundamental forces in Nature, but he also dedicated his life to 
betterment of science and education in the Third World and to the cause of worl 
peace. Although he won the Nobel Prize for physics, a Nobel Peace Prize w ul 
have been entirely appropriate. [...] 

Undoubtedly, the great influence on Salam at the early stages of fie c 
was his mentor at St. John’s, the great Paul Dirac, who remained Salam’s h 
throughout his life both as a great physicist and as a man who was largel 
disinterested in material wealth. (Salam himself never craved material riches, an 
was known to have paid for poor Third World students and postdocs out of hi 
own pocket.) ... I was fortunate enough to be his Ph.D. student from 1969 
1972. [...] 


Among Salam’s earlier achievements was the role played by renormalizat 
in quantum field theory when, in particular, he amazed his Cambridg 
contemporaries with the resolution of the notoriously thorny problem 
overlapping divergences. His brilliance then burst on the scene once more whe 
he proposed the famous hypothesis that All neutrinos are left-handed, 
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hypothesis which inevitably called for a violation of parity in the weak 
‘jnteractions. He was always fond of recalling his visit to the formidable 
. Wolfgang Pauli where he submitted (or should I say “humbly” submitted) his 
4 two-component neutrino idea. Pauli sent him packing unceremoniously with the 
‘jibe that this young man does not realize the sanctity of parity! So Salam delayed 
publication until after Lee and Yang had conferred the mantle of respectability on 
‘parity violation. That taught Salam a valuable lesson and he would constantly 
4, advise his students never to listen to grand old men. (I hope this student, at least, 
has lived up to that advice!) It also taught him to adopt a policy of publish or 
‘perish, and his scientific output was prodigious with over three hundred 
publications. 
Of course, the work that won him the 1979 Nobel Prize that he shared with 
Glashow and Weinberg was for the electroweak unification which combined 
‘several of his abiding interests: renormalizability, non-abelian gauge theories and 
chirality. His earlier work in 1960 with Goldstone and Weinberg on spontaneous 
‘symmetry breaking and his work with John Ward in the mid 1960s on the weak 
“interactions was no doubt also influential. One of my greatest regrets is that as a 
“student in the Theory Group at Imperial from 1969 to 1972, a group that included 
‘not only Abdus Salam but also Tom Kibble, no one suggested that weak 
terdction physics would be an interesting topic of research. In fact, I did not 
am about spontaneous symmetry breaking until after I got my Ph.D. The 
eason, of course, is that neither Weinberg nor Salam (nor anybody else) fully 
ealized the importance of their model until ’t Hooft proved its renormalizability 
“in 1972 and until the discovery of neutral currents at CERN. Indeed, the Nobel 
ommittee was uncharacteristically prescient in awarding the Prize to Glashow, 
eiberg and Salam in 1979 because the W and Z bosons were not discovered 
‘experimentally at CERN until 1982. Together with Pati, Salam went on to 
ropose that the strong nuclear force might also be included in this unification. 
mong the predictions of this Grand Unification Theory are magnetic monopoles 
nd proton decay: phenomena, which are still under intense theoretical and 
Xperimental investigation. More recently, it was Salam, together with his 
lifelong collaborator John Strathdee who first proposed the idea of superspace, a 
pace with both commuting and anticommuting coordinates, which underlies all 
f present day research on supersymmetry. 
- However, it is to Abdus Salam that I owe a tremendous debt as the man who 
itst kindled my interest in the Quantum Theory of Gravity: a subject which at 
he time was pursued only by mad dogs and Englishmen. (My thesis title: 
roblems in the Classical and Quantum Theories of Gravitation was greeted 
vith hoots of derision when I announced it at the Cargese Summer School en 
ute to my first postdoc in Trieste. The work originated with a bet between 
bdus Salam and Hermann Bondi about whether you could generate the 
chwarzschild solution using Feynman diagrams. You can (and I did — but I 
er found out if Bondi ever paid up). It was inevitable that Salam would not 
Test until the fourth and most enigmatic force of gravity was unified with the 
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other three. Such a unification was always Hinstein’s dream and it remains: 
most challenging task of modern theoretical physics and one which attracts: t 

most able and active researchers, such as those here tonight. 
I should mention that being a student of someone so bursting with new ide 
as Salam was something of a mixed blessing: he would allocate a resear 
problem and then disappear on his travels for weeks at a time (consequently, 
was to Chris Isham that I would turn for practical help with my Ph.D. thesis):. 
his return he would ask what you were working on. When you began to explain 
your meager progress he would usually say, “No, no, no. That’s all old hat, Wh 
you should be working on is this,” and he would then allocate a completely new 
problem! After a while, we students began to wise up and would try to avoid. fi 
until we had achieved something positive. Of course the one place that could no 
be avoided was the men’s room. So if you were unlucky, that was Een) t 
location of receiving your new orders. : 

I think it was Hans Bethe who said that there are two kinds of genius, 

first group (to which I would say Steven Weinberg, for example, belongs’ 
produce results of such devastating logic and clarity that they leave you feelin 


that you could have done that too (if only you were smart enough). The second 


kind are the “magicians” whose sources of inspiration are completely baffling 
Salam, I believe, belonged to this magic circle and there was always an elemer 
of eastern mysticism in his ideas that left you wondering how to fathom 
genius, [...] 4 


Let us recall just one example of a crazy Salam idea. In that period 1969-72. 
one of the hottest topics was the Veneziano Model and I distinctly remembet 
Salam remarking on the apparent similarity between the mass and angu 
momentum relation of a Regge trajectory and that of an extreme black ho 
Nowadays, of course, string theorists will juxtapose black holes and R 
slopes without batting an eyelid but to suggest that black holes could behave a 


elementary particles back in the late 1960s was considered preposterous b 
minds lesser than Salam’s. (A comparison of the gyromagnetic ratios of spinni 
black holes and elementary string states will, in fact, be the topic of my technic 
talk at this conference, so in this respect Salam was twenty-five years ahead of 
his time!) As an interesting historical footnote let us recall that at the time Salam 


had to change the gravitational constant to match the hadronic scale, an idea 


which spawned his strong gravity; today the fashion is the reverse and we change 
the Regge slope to match the Planck scale! 


Theoretical physicists are, by and large, an honest bunch: occasions when 


scientific facts are actually deliberately falsified are almost unheard:: ¢ 
Nevertheless, we are still human and consequently want to present our results in 
the best possible light when writing them up for publication. I recall a youn’ 
student approaching Abdus Salam for advice on this ethical dilemma: “Profess 
Salam, these calculations confirm most of the arguments I have been making 
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far. Unfortunately, there are also these other calculations which do not quite seem 
to fit the picture. Should I also draw the reader’s attention to these at the risk of 
spoiling the effect or should I wait? After all, they will probably turn out to be 
irrelevant.” In a response, which should be immortalized in The Oxford 
Dictionary of Quotations, Salam replied: “When all else fails, you can always tell 
the truth.” 


68.9 “Many Salaams to Dr. Salam” by Dr. Aftab Ahmed. The Dawn, 
Karachi, December 13, 1996. 


Professor Dr. Abdus Salam’s passing away has been widely mourned by 
most thinking people, and especially by the scientific community of Pakistan. His 
‘services to the cause of science, his achievements as a great scientist and the only 
Nobel Laureate from Pakistan have been duly eulogized with reverence. 


I write this to remember him as a friend. This takes me to the days when we 
‘were both students at the Government College, Lahore, in the mid-forties. 
Actually, we came to know each other fairly well through some common friends 
the time when I was seeking admission to the M.A. English class, and Salam 
‘was still in the process of deciding whether he should study English or 
“Mathematics. And there hangs a tale. 


Those were the days of Hindu-Muslim rivalry in all spheres of life incuding 
‘the academic. Salam had stood first in the Punjab university’s B.A. exam, with 
‘English Honors and had broken all previous records. He had become a legendary 
figure among the students. Prof. Sirajuddin of the English Department wanted 
‘Salam to join the M.A. English course because he thought he would easily secure 
first class first - a laurel which had not been won by a Muslim student in a long 
‘time. Salam toyed with the idea but, in spite of Prof. Sirajuddin’s persuasion to 
‘the contrary, he finally decided to join the M.A. course in Mathematics. His 
‘decision at that moment in time did indeed set him on the road to glory that 
‘finally led to his achieving the most prestigious prize in his chosen field. [...] 


The most memorable meeting I had with Salam was in his office at the 
Imperial College, London, in October 1989. He had been affected by his ailment 
‘but was still much the same Salam one knew; tall and burly, with a hearty laugh 
“and a warm and firm handshake. He was able to talk in his usual manner, and 
could also walk around a little. In fact, he led me to the College cafeteria, taking 
“an elevator and passing through a maze of corridors. I remember when we had 
selected a table and were about to make a move to get our coffee, the girl at the 
counter motioned us to keep sitting. She was going to bring our coffee to the 
ble. This was out of respect for Prof. Salam. . 
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While we were waiting, I looked around and spotted his picture on a W 
along with other great scientists of the world. Meanwhile, some young schol. 
from the College came to Salam, with their autograph books. He obliged them 
with a smile and a handshake. : 


Soon after, he started talking to me about the old days at Lahore, and how h 
missed his country and his people. I could see that he was getting a bit excitec 
tried to change the subject by referring to his achievements during ‘his 
abroad, the high esteem in which he was held and pointed to his picture o 
wall. He got even more excited and said: “You say this because you can’t. feel thi 
way I do. You live in your country and among your people!” As soon as Salan 
had uttered these words, his eyes became wet and tears started rolling down hi 
face. I just held his hand and did not know what to say. 


But the Salam I met in his Oxford home in July, 1994, was not the sam 
Salam. I was meeting him after nearly five years. As I entered his sitting room,. 
saw his shrunken figure slumped into a sofa chair with his sweater and trous 
hanging around him loosely. No more was the hearty laugh, just a faint smile 
and no more the firm handshake. As I sat down, he just fixed his gaze on me 
kept listening to what I was saying. He murmured a few words but could 
converse with me. His ailment had taken its toll. Only his eyes had some of | 
old shine. 

Just before leaving Oxford when I went to say goodbye to Salam, his sc 
Umar asked me to write something in the vistors’ book. Keeping in mind Salam 
curioisty about the nature of the Universe as a scientist, and his interest in G li 
which he had evinced when I presented my book on the poet to him during ou 
meeting in October 1989, I added, to the few words in English, a couplet fr 
Ghalib.’ Salam looked at what I had written, gave me a smile with a nod an 
extended his hand to me ~ a eepue T will never forget. 


68.10 “Physics with a Purpose” by Ehsan Masood, Nature, Decembe 
27, 1996, 


Muhammad Abdus Salam, the Nobel-prize winning scientist, who died la 
week, age 70, was in London when the phone rang at noon on an autumn day in. 
1979. The call was long-distance from Stockholm, headquarters of the Alf 
Nobel Foundation. Salam, the devoutly religious son of a school teacher from: 


* Ghalib’s Urdu couplet was not printed in the English text. It could have been: 
Ranj se khoogar hua insaaft_ to mit jaata hay ranj 
Mushkilayfi itni pareefi mujh par kih aasaafi ho gaeen 
(Once one gets to know sorrow so well, it Joses its pain, i 
Ihave borne so many hardships, they are no longer a burden!) 
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village in Punjab had won the Nobel Prize for Physics. He remains the first and 
only Pakistani to have been given science’s highest order. 

Salam’s instinctive reaction, according to his biographer, the Indian science 
writer Jagjit Singh, was to jump into his car and drive to his local mosque where 
he took off his shoes and knelt in prayer. Salam’s joy turned to near ecstasy when 
he learnt that he had been nominated by Paul Dirac, the leading physicist of this 
century, who was also an atheist. “What impressed Salam most was that the 
atheist Dirac had become an instrument in executing Allah’s will.” 

Salam’s next action was to use his new-found recognition to secure a four- 
fold increase in funding for the ICTP, a center for providing modern research 
facilities for Third World scientists. The facility was founded by Salam in 1964 
and is based on the shores of the Adriatic in Italy, near the border with what was 
Yugoslavia. Salam was later given a presidential reception in his native Pakistan, 
before embarking on a tour of the Third World countries giving lectures on 
science, education, and the eradication of poverty, the three subjects (apart from 
physics) for which Salam’s passion ran very deep. 


Salam’s major scientific achievement was to take the first step towards an 
idea that his scientific peers still dream about — the unification of the four 
fundamental forces of nature: gravity, the strong force between particles in the 
atom, the weak force that causes radioactive decay, and electromagnetism. Salam 
‘shared the Nobel Prize with Steven Weinberg and Sheldon Glashow for unifying 
the weak force with electromagnetism. John Hassard, a colleague at Imperial 
College in London, where Salam was a professor of theoretical physics since 
1957, ranks him in the “top ten, if not top five, physicists of this century”. 
But just as the organizers of the Miss World annual pageant feel obliged to 
‘delve into social causes under the banner “beauty with a purpose”, Salam felt he 
‘could not restrict his time and energy to just theoretical physics. He felt 
‘compelled to use his fame to champion a plethora of Third World causes. This 
‘was “physics with a purpose”. 
Like his Nobel-winning colleague Stephen Weinberg, Salam too dreamed of 
a final theory unifying the forces of nature, but he had an additional wish: that the 
developing world would one day catch up with the West. A part of him wished 
that no one should have to experience life without electricity, ranning water, 
medical care, proper roads and decent transport, as he had to while growing up in 
Punjab during the inter-war years. Another part of him pined for a return to the 
“glorious years” of Islamic civlization when sciences flourished in the Muslim 
world. 
In this Salam was almost messianic. Like the sages of Judaism, Christianity 
nd Islam, whose lives he tried to emulate, Salam felt duty-bound to complete his 
mission. He was tremendously impatient and experienced much frustration when 
politicians failed to share his zeal and enthusiasm every time he presented them 
th another of his schemes for science, technology, or development. 
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Salam was particularly passionate about his native Pakistan, and desperate 
wanted to “make a difference” to the lives of ordinary people. Yet in Pakista 
remains a deepiy controversial figure, and his passion was not reciprocate 
Some cannot comprehend why he never made Pakistan his home. Others cas 
critical eye over his record of achievement as the President’s chief scientific 
advisor for fourteen years until 1974. 


68.11 “Abdus Salam (1926-96) by Dr. Tom Kibble and Dr. Chri: 
Isham, Professors of Theoretical Physics, Imperial College of Science. 
Technology and Medicine, London. [First published in Physics Worl 
January 1997, p. 54.] 


The great excitement at this time [Salam’s student days at Cambridge 
the development of renormalization theory - a way of circumventing: 
infinities that had plagued quantum electrodynamics (QED) since its incep 
The main work in this area was being done by Julian Schwinger, Sin-iti 
Tomonaga, Richard Feynman and Freeman Dyson. [Paul] Matthews had b 
using Dyson’s methods to extend renormalization theory to the meson theori 
that were then thought to describe the strong nuclear forces. He suggested 
Salam should try to fill in a gap in Dyson’s proof of renormalizability — the 
treatment of “overlapping divergences” and was astonished when Salam retur 
within days with a complete solution. Salam became Matthews’ student’ 
spent a year with him in the Institute for Advanced Study at Princeton in the 
Thus began their close and lasting friendship and collaboration. [...] 


Working directly with Salam was quite an experience, and not everyone whe 
took up the challenge survived the pressure for long. Salam thought nothing’ 
working for fifteen hours a day and he took it for granted that his young 
collaborators would be similarly dedicated. Thus it was not unusual to be woke 
at around five in the morning — Salam was a notorious early riser — with a length 
phone call in which he would reveal his latest ideas for the piece of work 
progress. These would usually involve many lengthy equations that he would 
dictate at speed using his own personal shorthand for the superscripts, subscrip' 
and other such mathematical niceties with which the equations were invariably. 
adorned. 

Collaborating with Salam was, however, far from being just a matter of fa 
grind. He had a charismatic personality and generated great loyalty from tho: 
who worked with him closely, whether they were fellow scientists or t 
secretaries at the ICTP charged with keeping his affairs in some degree of order. 
Salam was a complex man and people who encountered him in a variety’ of 
circumstances experienced him in different ways. His young collaborato 
invariably thought of him with respect and affection, and there is a fund of 
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‘Salam stories” waiting to be told that speak of his good humor and warm 
personality. [...] 


68.12 Excerpts from “Abdus Salam” by Dr. Jogesh C. Pati, University 
of Maryland, College Park, Maryland, USA. [“Obituaries: Abdus 
Salam” in Physics Today, August 1997, pp. 74-75.] 


My personal collaboration with Salam started in the summer of 1972 and 
remained intense for over ten years. Together, we introduced the idea of an 
underlying unity of quarks and leptons and, simultaneously, of their weak, 
electromagnetic and strong gauge forces. Believing in SU(4) color symmetry for 
quark-lepton unification and seeking a compelling reason for quantization of 
electric charge, we introduced the concept of left-right symmetry. This in turn led 
us to predict the existence of right-handed neutrinos accompanying the observed 
left-handed ones — a prediction that now plays a role in proposed solutions to the 
solar neutrino puzzle and in theories of dark matter. 

In 1973, despite the skepticism of the physics community at the time, Salam 
and I noted that a gauge unification of quarks and leptons would inevitably lead 
‘to nonconservation of baryon and lepton numbers and thereby naturally to an 
‘unstable proton. These ideas have matured and evolved considerably. Salam had 
‘hoped to see a more final chapter of this story of unification in his lifetime. We 
were both encouraged, however, to see that the search for proton decay was 
continuing with the recent completion of the Superkamiokande detector in Japan. 
During our collaboration, Salam always reacted to our occasional 
‘disagreements with a good-natured spirit. If he were greatly excited about an idea 
‘that I did not like, he would impatiently ask, “My dear sir, what do you want? 
Blood?” I would reply, “No, Professor Salam. I would like something better.” 
- Whether I was right or wrong, he never took it ill. [...] 


Thanks to Salam’s tireless efforts, the ICTP has emerged as one of the finest 
research-cum-training institutions in the world, not only producing high-quality 
science but also providing opportunities for scientists from developing and 
developed nations to interact regularly through annual workshops and summer 
schools. In its thirty-three years, the ICTP has hosted some 60,000 visits by 
“experimental and theoretical research physicists, about half of whom are from the 
- developing countries. [...] 

Salam dreamed of creating twenty international centers like the ICTP, spread 
throughout the world and emphasizing different areas of science and technology. 
He appealed vigorously to the developed as well as many developing countries 
and to the World Bank for funds to create the centers. Meanwhile, Salam also 
dreamed of creating a “World University’, which would be funded 
internationally and would be linked for its functioning to a consortium of 
universities worldwide. 
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. Salam’s efforts in these directions in the last eight years of his life: 
unfortunately severely hampered by a crippling neurological illness, attribute 
a variant of Parkinson’s disease. Thanks to his own initiative and that of seve 
others, he nevertheless succeeded in creating the International Centre for Gene 
Engineering and Biotechnology, with components in ‘Trieste and Delhi, and 
International Centre for Science and High Technology in Trieste. 

Salam will surely be remembered as one of the greatest scientists of the 20¢ 
century and as a humanitarian who devoted much of his life to uplifting the statu 
of science and technology in the third world. Salam may have been somewk 
ahead of his time in dreaming of twenty international centers and a worl 
university. It remains for the present generation of scientists and world leaders t 
fulfill his dream. 


68.13 “Memories of Abdus Salam” by Dr. Sheldon L. Glashow, 
Nobel Laureate, Professor of Physics, Harvard University.‘ 


T consider it a great pride to pay salute to the memory of a great scientist an 
humanitarian. My encounters with Abdus Salam were all too few and. far 
between, but they extended over five decades. Our relationship, mos 
appropriately, was a weak interaction with a very long lifetime. I miss Abdu: 
Salam, and will always remember the scent of attar of roses that he was nevel 
without. 

Our scientific interests often overlapped, sometimes somewh: 
uncomfortably but we were always fast friends and mutually supportive 
7 colleagues in science. We coulda, shoulda an 
woulda, but I regret that Abdus and I neve 
actually collaborated in print or. b 
correspondence. I visited him only twice:.i 
London, twice again in Trieste, and otherwis: 
saw him only at conferences and summei 
schools, or as a fellow member of the CERN 

. i ag =Science Policy Committee. In addition, we me 
73. With Sheldon Glashow, 1986 four times in Stockholm: at a remarkable 
conference just prior to our Nobel Awards; a 
our own very special occasion; once again when Carlo Rubbia and Simon Van 
der Meer (and CERN itself) were honored for the discovery of all thre 
intermediate vector bosons, thereby justifying our own awards; and ae at 
grand reunion in Stockholm not so long ago. 7 

Although our face-to-face meeting could be counted on our fingers and | t 
Abdus and I knew each other very well. My colleagues will undoubtedly re all 
Abdus as an inspirational mentor, as a world-renowned scientist, as the creator o 
* Presented at the Special Colloquium in Memory of Professor Abdus Salam at the 
European Organization for Nuclear Research (CERN), Switzerland, September 23, 1997 
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the International Centre for Theoretical Physics and its guiding spirit for thirty 
years, and as a champion of science and technology in the Third World. I would 
take this opportunity to tell you of a few personal and memorable moments | 
have enjoyed with one of the kindest, gentlest and most gracious people I have 
ever known. 


In 1955, soon after I began my career in physics as Julian Schwinger’s 
graduate student, J heard tales of a marvelous and mysterious man of the East 
from Wally and Celia Gilbert, who had just moved from Cambridge, England to 
Cambridge, Massachusetts. Wally was a Junior Fellow at Harvard as he 
completed the doctoral research program he had begun under Salam’s guidance. 
Wally got his degree with Abdus, became a promising professor of formal 
theoretical physics at Harvard, and then turned his attention to hands-on 
molecular biology. A quarter of a century later, Salam was both proud and 
delighted when the student won a Nobel Prize just one year after his teacher. 


My first direct interaction with Abdus was a touch embarrassing: to me, not 
to him. I was continuing my thesis research on the intermediate vector boson 
hypothesis as an NSF fellow at the Institute for Teoretisk Fysik in Copenhagen, 
now the Niels Bohr Institute. My other high-school chum, Gary Feinberg 
(besides Steven Weinberg), had recently published an important paper. At least, 
it was important to me! He argued as follows: If the weak force were mediated 
by a vector boson, and if the muon and electron neutrinos were one and the same, 
then the process. muon decaying into electron and photon would be induced by 
radiative corrections and would proceed at an empirically unacceptable rate. Of 
course, Schwinger had already convinced me that muon and electron neutrinos 
could not possibly be the same, so I wasn’t particularly worried. It was another 
aspect of Feinberg’s calculation that fascinated me. 

Gary had to use a cutoff to get a finite result — unless the vector boson had a 
particularly anomalous magnetic moment corresponding to gyromagnetic ratio 
two. For this value and only for this value, the divergence cancels and the result 
is manifestly finite. And, this was precisely the anomalous moment predicted by 
a Yang-Mills gauge theory! If one divergence cancelled in a gauge theory, maybe 
all of them did. So I concocted and published a spurious argument alleging that 
softly-broken Yang-Mills theories are renormalizable. Following the Gilberts’ 
advice to meet their beloved guru, I accepted Salam’s invitation to present my 
results at Imperial College. After my talk, which seemed well received, Salam 
brought me to his home for a wonderful dinner his wife had prepared. When I 
returned to Copenhagen, two preprints awaited me; one by Salam, and the other 
_ by Kamefuchi — both of them pointing out my silly error. Years later, Abdus 
_ confided to me that this was the reason he had not read my next (and somewhat 
' better) electroweak paper. It was a good excuse! 
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In 1962, Feza Gursey organized a marvelous Turkish summer sch 
Roberts College by the beautiful Bosporus. Salam and I were among the invit 
speakers. It was an exciting time in particle physics. A few months earlier, 
higher symmetry sweepstakes had been won by the scheme of strong interactio 
devised by Yuval Ne’eman (another of Salam’s remarkable students),~ at 
independently, by Murray Gell-Mann. It had been a strong field: The also-rai 
included Schwinger’s global symmetry, Behrand’s G,, Tiomn’s SO(7),° at 
Salam and Ward’s symplectic hedge bet. SU(3) a la Sakata (later pursued: 
Salam and Ward) was somewhat closer to the mark. My talks explicated’ the 
intricacies of the eightfold way [the old name for flavor SU(3)], including those 
had just worked out with Sidney Coleman. 

Abdus used his lectures to describe his just-completed exploration of brok: 
symmetry with Jeffrey Goldstone and Weinberg. Salam seemed absolutely 
convinced of the central role played by spontaneous symmetry breakin 
particle physics, although he could not yet handle the seemingly unavoidable. 
Goldstone boson, which he would later describe as “a snake in the grass ready tc 
strike”. Our friendship blossomed as we wandered about the scenic splendors anc 
seedier side streets of downtown Istanbul, dreaming together of an eventual and 
obligatory synthesis of weak and electromagnetic forces, and of the. 1 
wondrously imaginative Turkish dinner. Of course, we realized all too well t 
our old ideas (his several papers with John Ward and mine at Copenhagen) w 
likely to be consigned to the dustbin of history. 


Two years later, Higgs (as well as Brout and Englert, and somewhat late: 
Tom Kibble and his collaborators) surprised the world with their discovery of 
gauged version of spontaneous symmetry breaking. Like Saint Patrick in Irel 
they had driven Salam’s snakes from the land of broken symmetry. Quite 
independently, Abdus and Steve each seized the idea and formulated: the 
electroweak theory of leptons. Their brilliant creation sank like a lead balloon; to 
be resurrected much later after 1) ’t Hooft and Veltman proved the Salam: 
Weinberg conjecture of renormalizability, 2) quarks became politically correct, 
and 3) our experimental colleagues (many of them in this room!) were at | 
convinced to search for {and to find!) the proms) neutral currents. 


Despite its many phenomenogical triumphs, Abdus was never satisfied with 
the mere hint of unification offered by the electroweak model. Along with 
subcontinental but Indian pal Jogesh Pati, he was the first to exhibit a cohere: 
theory of all elementary-particle forces in all its gauged glory — today 
anonymous standard model. And, it was Salam and Pati who insisted that there 
must be even more broken symmetry with the still-current notion of lepton-ne 
as a fourth color. Why not SU(4), they asked? Or SU(5), we answered. mn nh 
indeed? 
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In October 1979, Abdus, Steve and I got our telegrams from Stockholm, 
Time Magazine quoted Salam as being proud to be the first Muslim to win a 
- Nobel Prize, Steve and I sent Abdus a telegram of congratulation with the 
comment: “Didn’t know that Sadat had converted.” In fact, Abdus was the first 
Muslim Laureate in Science, but to his great chagrin, there has not yet been 
another. Salam had repeatedly called for renaissance of Islamic Science and an 
end to the scientifically intolerant attitude of taglid. He would have been a strong 
supporter of the newly-conceived University of the Middle East. [...] 


Incidentally, while all the other Laureates were dressed as conventional 
penguins, Abdus adorned himself in glorious Pakistani regalia, from a swirling 
white turban to turned-up golden slippers right out of Arabian Nights. They were 
immensely uncomfortable, and Abdus took them off as soon as possible, Joan 
found the slippers fascinating and told Abdus as much, Little did she know that 
he would send her a brand-new (and equally painful) pair as a keep-sake a few 
years later, I may remind you that the festivities that began in Sweden culminated 
at CERN, where Abdus, Steve and I were received as heroes. 


I never knew Abdus to drink, to smoke, or to swear. Always a principled 
gentleman, he was a devout Muslim throughout his life. Let me conclude my 
brief talk with a few of his own words: “The Holy Qur’an exhorts believers to 
study Nature, to reflect, and to make the best use of reason in their search for the 
ultimate. ... The quest for knowledge and science is obligatory to every Muslim 
from cradle to grave. ... Science is important because of the understanding it 
provides of the world about us, for the material benefits it can give us, and 
because of its universality. ... Science and technology are a shared heritage of all 
mankind. East and West, South and North have all equally participated in their 
creation in the past as, we hope, they will do in the future, this joint endeavor 
becoming a unifying force among the diverse people on this globe.” Amen! 


Abdus Salam’s life was gentle, and the elements so mixed in him that Nature 
might stand up and say to the world: “This was a man!” 


68.14 Excerpts from “The Standard Model, Abdus Salam and CERN” 
by Dr. Carlo Rubbia, European Organization for Nuclear Research, 
Geneva.° 


Abdus had an important role in advising on the CERN programs in particular 
as a member of the SPC. In 1987, when LEP was not yet operational, CERN 
Council and then DG, Herwig Schopper, created the so-called “Long Range 
Planning Committee” to define the further steps for CERN. Abdus, together with 


> Paper presented at the Special Colloquium in Memory of Professor Abdus Salam at the 
European Organization for Nuclear Research (CERN), Switzerland, September 23, 1997. 
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Giorgio Brianti, Pierre Darriulat, Kjell Johnsen, Sam Ting and Simon Van. 
Meer, helped us in laying the foundations of what is today the present and fut 
of CERN. It was in this small circle of seven people that the names LHC 
CLIC were coined and the relative merits and potentialities of the hadron ‘ 
linear colliders were elaborated and evaluated in depth, I still recall the viv 
enthusiasm and the clarity of Abdus’ vision on the future of CERN: he used 
insist on the relevance of concentrating primarily on key, strategic choices relat 
to fundamental questions. I believe that he has contributed in a major wa 
defining the next twenty years of CERN strategy in its essentials. 


His vision of sub-nuclear physics goes far beyond the accelerator and collide: 
physics and embodies in a very original form, through the so-called “Pati-Sal 
model, the unification of all forces. In his vision of Grand Unification, relevant 
phenomena occur at a lower mass scale (10° 10’? GeV) than the stand 
GUT(10"° GeV). I must however confess that the intricacies of this theory have 
somehow escaped me, purely because of my ignorance of the subject. Though 
superficially and intuitively, since the nitty gritties of the details fully escape me 
I feel however aesthetically attracted by the intrinsic elegance and originality 
his Unification Model. He has always been a strong advocate of proton deca 
the analogue of beta decay in the exploration of the unified phenomenology, 
large scale of energies, which exceeds any reasonable extrapolation of 
accelerators. , 


I have no doubt that Abdus’s influence has significantly motivated also’ the 
emergence of the modern field of non-accelerator, underground experiments 
Personally I owe him my intense interest in searching for proton decay. I am sur 
that there is no process, which he would have liked to see discovered more thai 
proton decay. I recall his affectionate, repeated insistence, dating back initially a 
far as the seventies and since then constantly repeated, on the importance of bold 
experimental searches for bias-free proton decay. I believe that also in this field 
what I would call “the Lagarrigue approach”, namely visual techniques and few. 
but fully reconstructed events, in which high resolution is traded for share mass, 
may be in the long run a worthwhile contribution. This is especially so if on¢ 
takes into account that the dominant decays might involve neutrinos and strange 
particles, either because of the forbidden nature of the decay according to sot 
of Pati-Salam like model or because of the pseudo-scalar nature of the effecti 
decay interaction due to a predominance of the Higgs sector. : 


Abdus has been a man of immense faith, both religious and scientific. Hi: 
main preoccupations have been three: the third World, Islam, and Physics. In 
mind Science and Religion are two separate and complementary aspects, whic. 
relate to a common, divine design. For him there was no contradiction betwe 
Religion, which referred everything to one immutable text and the spirit-o 
Science, which must allow hypothesis, testing and the admission of error a 
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hange. Science and Religion are complementary. He said: “Science and 
Religion refer to different worlds. Religion refers to things like soul and Allah, 
ot to matter.” 

He used to underline that one eighth of the verses of the Qur’an praise and 
remark on Nature and encourage investigation and the intelligent search for 
» . Knowledge and that “no verse is in contradiction with Science”. He wrote: “The 
- holy Prophet of Islam emphasized that the quest for Knowledge and Science is 
» obligatory on every Muslim.” He could even perceive in the Qur’an a description 
_ of the Big Bang: “the Heavens and Earth were a mass all sewn up — and then we 
: unstitched them”. The Third World Academy of Sciences, his creation, has 
‘produced books, which teach modern science through Qur’anic verses, so that 
_ both can be thought together in religious seminaries. 


For Abdus, the word “unification” largely transcends the simple meaning of 
one of the forces in Nature. It extends to the relationship of Science and Religion 
‘and to the necessity of a planetary Science, which should include all people on 
earth, including the Third World. And such a bold, planetary unification must be 
performed with the help and the benefits of Science: “Physics is the science of 
wealth creation par excelience. If a nation wants to be wealthy, it simply must 
acquire a high degree of expertise in both pure and applied physics.” 

But most important, (and this is the reason why we are here today) Abdus has 
been a dear friend to many of us. Though he never stayed here at CERN for long, 
he was a convinced supporter of what CERN stands for, both in Science and in 
ts international, Cooperative Mission. He has been and he wili always remain 
one amongst the exceptional breed of people — many of them unfortunately no 
longer with us today — who have powerfully contributed in making CERN 
successful and what it is today. 1 would like to conclude and make us feel — if at 
all possible — as if he is still with us, by showing a couple of pictures taken in the 
very same Hall in which we are today and which has resonated so many times 
with his voice and in which we have been charmed by his warm, unique 


74, Embracing Rubbia on his winning the Nobel Physics prize 1984 
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Tributes at The Abdus Salam Commemorative 
Meeting, ICTP, November 19-22, 1997 


69.1 “Welcome Address” by Dr. Miguel Angel Virasoro, Director, 
Abdus Salam International Centre for Theoretical Physics, Tri 
Italy. = 


I now open this important session of the Memorial Meeting. First, I w 
like to express on behalf of ICTP and myself our profound gratitude to tho 
you who have come from all over the world to honor Abdus Salam. I thank 
especially those who left their country without a president or ministry with 
minister, because they have shown the extent to which they care for our fou: 
and everything he stands for. I also thank the numerous representatives 0 
Italian. government because their presence here, which bears witness’ to 
Government’s attention to the Centre, is a pledge to keep it alive and creati 
also wish to thank particularly Professor Adnan Badran from UNESCO ani 
Hans Blix from the [AEA and, finally, to express our most heartfelt gratitude 
the members of Professor Salam’s family who accompany us and bring: 
them the warmth of those who were nearest to him. 


First of all, the new announcement. As you can see, from now on, the Centr 
will have a new name, The Abdus Salam International Centre for Theoretical 
Physics, to remind us that the Centre is his creature, that it is the heritage h 
left us as much as the Weinberg-Salam theory in another context, as a liv 
monument to his memory. 


I would now like to read a message that has just arrived from the Prim 
Minister of the Islamic Republic of Pakistan. It is indeed very moving for’ 
who are in this particular place — the adoptive country of Professor Salam — that 


This chapter consists of excerpts from selected tributes and messages at Th 
Abdus Salam Commemoration Day celebrated on the occasion of the naming 
the International Centre for Theoretical Physics (ICTP) as The Abdus Sal; 
International Centre for Theoretical Physics, November 21, 1997. 
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Pakistan, his native land, is also present here today through a message from the 
Prime Minister. It is a letter addressed to the Centre, and to myself, and it says: 


I am delighted to learn that the Steering Committee of the 
International Centre for Theoretical Physics, together with its major 
sponsors, namely the Government of Italy, the International Atomic 
Energy Agency, and the United Nations Educational Scientific and 
Cultural Organization, have decided to rename this Centre as The Abdus 
Salam International Centre for Theoretical Physics. 

Renaming this highly prestigious Centre is not only an honour for the 
memory of Professor Salam but also for Pakistan. He was a scientist of 
world stature and built up this Centre over a period of three decades. We 
ate proud of him as the only Nobel Laureate of Pakistan. As the 
Scientific Adviser to the President of Pakistan for eleven years he 
rendered invaluable services to his country. As Director of the ICTP, he 
served a cause, not only of the international physics community but also 
of the scientists of the Third World. He made outstanding contributions 
toward expanding the frontiers of human knowledge and promoting 
science and technology throughout the world. I am sure that the 
renaming of the Centre will be a source of great inspiration to the 
younger scientists everywhere. 

Muhammad Nawaz Sharif 
Prime Minister of the Islamic Republic of Pakistan 


This session will be one of reminiscences and anecdotes from those who 
were near to Professor Salam in different periods of his life, those who knew him 
well. J am not one of them. Though my life has been profoundly marked by his 
ife and by his projects (in particular, when I returned to Argentina), I only had 
poradic contacts with him whenever I came to the Centre. However, I do have 
in anecdote, and J want to relate it to you because I think it is rather emblematic 
f his way of thinking. 

~ Jn 1975, a period already full of threats in Argentina, I had fled from my 
jome country and gone to Princeton. Many colleagues who were still in 
Argentina had learned that there was a school in oceanography here at the ICTP, 
and applied for acceptance. For some of them, participating in the course 
provided an opportunity to leave the country. I took part in that school at my own 
_ expense since I was coming from Princeton. One day, Professor Salam saw me in 
he corridor amidst other Argentineans and said immediately with his swift sense 
of humor: “Oh, Virasoro! Some people consider you as the second Higgs. They 
peak about you but they have serious doubts about your existence.” Then I 
explained to him that I had been studying oceanography for some time. His 
ction was instantaneous. He said: “Okay, you have switched to oceanography. 
Now you have to go around and say to everybody that this is the best thing to 
.” This meant I should turn to other subjects, to more applied fields and so 


550 Science for Peace and Progress 


forth. I had learned (and this was mentioned by Professor Sezgin) that it was” 
dangerous to be in the vicinity of Salam because he would always find somethi [ 
for you to do! 

I have never been very good at selling bibles, not even at selling Mao’s 
book. I took Salam’s advice, however, as part of my idealistic push, and I we 
ahead and tried to convert some people. With the first two scientists I spoke t 
however, I met with complete failure. They were almost offended. So I stoppe 
and went back to Professor Salam. He was not worried at all. He sa 
immediately: “Oh, they were going to be extremely useful in something else 
their own countries.” And then at that moment I began to realize that in a se 
one has to interpret Professor Salam’s thinking, one has to understand what | 
was meaning at that moment. 


He was obviously very. keen that research in some applied sciences be d 
in the developing countries. He labored hard in this direction for a long time. Bt 
at the same time, he was very adamant that everyone should work in the fiel 
his choice, And why? This is a very important aspect of his thinking that I woul 
like to reflect upon, because it has to do with the role of the Centre, with: 


future of the Centre, and also with the past of the Centre. It has to do with tt 


many fights that Professor Salam and many of his collaborators had to fac 
trying to impose the idea of the Centre. 

Professor Salam was absolutely convinced that one of the problems v 
people coming from developing countries is that the first thing they are deprive 
of is the right to their own dignity, to their own self-respect. And that is. the fi 
thing that has to be rebuilt. His point was, first of all, that we must treat thes 
people as our absolute equals, as people with dignity, so that they are able | 
allowed to do whatever kind of physics their curiosity brings them to. Yo 
certainly know that this concept was opposed violently at the moment of 
creation of the Centre. A delegate said: “Why a center for theoretical physics fe 
developing countries? Why shouldn’t we give them something for agricultu 
Why do you give them — the famous sentence — a Rolls Royce when what the 
need is a donkey cart?” 

There are, I think, many answers to these questions. One of them is provide 
by my friend Professor Baghdadi, who took part in this battle. To som 
opponents of the project he said: “Who allows you to deny three quarters 


mankind the right to learn about the stars?” And he convinced them. Thi 
indeed a crucial aspect of the Centre. 

In this Centre we defend the right of anyone who comes here to study an 
problem: the problem that is more challenging, the problem that is deeper, the 
problem that is more basic, because the right to knowledge should be identic: 
for everybody. That is one of the lessons of this Centre, and the reason wh 
Professor Salam has always insisted on excellence. When we organize a sch 
in string theory or in condensed matter physics or in any field, we invite the be: 
lecturers because we must offer the best to those who are coming from all'¢ 
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these countries so that they can share with us the joy of learning from the best 
people in the field. 

Now, of course the story doesn’t end here. Salam had an infinite number of 
facets and the more you study him, the more new aspects you find. He was also 
worried about the social responsibility of scientists. When I tried to learn about 
that, I remembered that we had in the house an extraordinary person, the memory 
of all of the thoughts of Professor Salam, Dr. Hamende. I went to him and I 
asked him what exactly Salam had said about this social responsibility. He told 
me that Salam had made two points. 

One is that the scientist in the developing country should be an expert in at 
least two subjects, not one. He was expecting more, not less, from the people. He 
said that a scientist, for instance, should be an expert in string theory and he 
should also be an expert in some other field which is applicable to the situation in 
which he is living. 

And the second point, which is more difficult to decipher, is that the scientist 
must learn to be a politician. We do have here today a few examples and we 
should be very proud of the fact that some have been able to make this big step, 
because we know that for scientists it is a very difficult step. 

Professor Salam was also insisting, of course, on the importance of applied 
science. Yesterday we heard from Professor Mascarenhas about the importance 
he was giving to medical physics. 


I have another anecdote about myself because though I did not have 
continuous contact with him, since 1 have been here, I have had a kind of virtual 
contact, to say it in a modern way. I could perhaps say that I hear voices, but this 
might be a bit dangerous on this occasion. So let me say I have virtual contact 
with him. This virtual contact consists of the following: I think about some new 
project and with my collaborators, we come up with a new idea. We decided, fos 
example, that the new project next year will be a School on the Mathematics of 
Economics. So then I went to Dr. Hamende who said: “Oh yes, Professor Salam 
had organized a school on economics in such a year.” I sent a letter to some of 
the professors, and one of them, Ken Arrow, replied, “Yes, I remember a dinner 
with Professor Salam in Oxford where he mentioned this project to me.” So you 
see that it is very difficult to innovate. 

[must say that my situation is like that of the poor physicists of string theory. 
I do not have the problem of following one track; there is an infinite number of 
tracks that Salam has left. In any subject, field or direction you can choose, he 
has also done something or pushed something. So the problem is the selection of 
the vacuum, as they say in string theory. From this large number of tracks, which 
ne should you choose? We are trying to follow the same line as Professor Salam 
many ways. 

First of all, we must maintain the level of excellence of the Centre. Believe 

e, Iam finding the same bureaucrats, with exactly the same arguments, who say 
‘Why that, why do you need that, why do you need research in the Centre, why 
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do you need to get that person who is supposed to go to Cambridge, just’ 
someone else, etc, etc.” In fact, we are trying to establish these new fields w! 
some of our theoretical physicists may find enticing or be interested in learning 
In particular, for instance, for the school on economics, we intend to it 
people who are already working in mathematics of economics of course, but 
shall also reserve a large part of the participation for people who do not have an 
background in that field, but who are trained in some other field in theoretic: 
physics or in mathematics. The same methodology will apply next year with th 
course on statistics, and every year we shall try to go into some kind of z a ne 
field in the same manner. 

So you can see that the directions are all already written, as in the fan 
Borges library. Everything is already written in the thoughts of Salam. We hav 
simply to choose the appropriate one and that is the direction in which we: ar 
going. We owe all of this to Professor Salam. 


69.2 “Fulfilled and Not Yet Realized Dreams” by Dr. Paolo Budinich 
Professor Emeritus, University of Trieste, Former Deputy Director 
ICTP. 


The establishment of the International Centre for Theoretical Physics ICT] 
at Trieste in 1964 and of the several international institutions, which followe 
thereafter is due to a series of accidental but well correlated events. The first wa 
Abdus Salam’s participation, in June 1960, in one of the international symposi 
on elementary particles and field theory which we organized at the Castelletto « 
Miramare, where he discussed SU(3) symmetry and renormalization. The secon 
was his proposal, in September of the same year, at the General Conference 
the International Atomic Energy Agency in Vienna, for the creation of 
international center for physics under the flag of the United Nations. 
accidentally learned about it a few days later from Edoardo Amaldi in Rom 
This early notice gave us the possibility of convincing our Government t 
immediately submit the Italian candidature of Trieste for such an institution. As’ 
result of these happenings, after three years of difficult diplomatic battles which. 
we, Italians, fought in Vienna together with Abdus Salam, the ICTP wai 
inaugurated in Trieste in 1964 under his direction. Without that timing of event 
the ICTP would have been established elsewhere in Italy — in Florence or Naple 
— or otherwise in Copenhagen or in Vienna. o 

His scientific prestige, together with his drive and energy, determined the: 
course of ICTP’s history during the thirty years, which followed. This has been 
history of difficult battles, which I have had the privilege of fighting with him. 
We obtained rewarding victories but also suffered from defeats, which more thai 
victories, contributed to generating and strengthening a deep friendship between: 
us. 
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The best tribute to his memory, which I can think of is to try to convey to 
you his and our dreams during those thirty years, especially those which have not 
fully come true as yet. I hope and I wish that, in order also to honor his memory, 
those dreams may be taken up as a commitment by those who now bear the 
responsibility of supporting this enterprise. 

Since the first years of our operation for the benefit of scientists in 
developing countries — for the benefit of the poor as Abdus used to say - it 
clearly appeared that a lot could be done to remedy their isolation as well as the 
lack of consideration by local authorities, which were the main causes of the 
deleterious brain drain. However, the immensity of the problems, compared with 
the means at our disposal, became quickly apparent. At best we could produce a 
drop of benefit in a vast ocean of needs and difficulties. So much so that it was 
absolutely necessary not only to strengthen the ICTP, but also to replicate it, in 
other subjects, elsewhere. Salam convinced the United Nations Industrial 
Development Organization (UNIDO) to copy ICTP for biotechnology. The result . 
was the International Centre for Genetic Engineering and Biotechnology 
(ICGEB) which we finally succeeded in bringing to Trieste. Some replicas of the 
ICTP have been created in Colombia, Scotland, the US and recently, perhaps the 
best one, in Korea headed by C.N. Yang. But more are certainly needed. 


When he visited the ICTP in the seventies, the Secretary General of the 
United Nations, U Thant, took it as a model when he proposed and created the 
UN University which, despite our efforts to bring it not far from the ICTP, went 
to Tokyo (Japan offered 100 million dollars to host it there), Afterwards Salam 
tried to bring the Faculty of Science of the UN University to Trieste. This project 
was taken over by our Foreign Minister, who obtained the warm consensus of the 
UN University. 

In addition to ICGEB, several other national and international scientific 
institutions were created in the Trieste area in the wake of the great success and 
prestige of the ICTP: among these, the Synchrotron Radiation Laboratory, the 
International School for Advanced Studies, the Research Area. Salam had hoped 
that their action would be coordinated and partially devoted to the benefit of the 
Third World. The UN University Faculty of Science could have served. this 
purpose, and perhaps this project could still be revived. 

In this framework he also conceived the creation of the International Centre 
for Science (ICS), run by UNIBO and devoted to high technology, new 
materials, earth sciences and environment, which should have developed its own 
experimental laboratories or others based in the existing scientific institutions in 
Trieste; but for the moment, the ICS, as conceived by him, is still at the stage of a 
project. 

Salam’s main concerns were actions in the framework of science and science 
literacy in the Third World, and the enhancement of the South-South 
cooperation. To this end he created, through the Trieste International Foundation 
of which he was elected president, the Third World Academy of Sciences 
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(TWAS), an instrument of very high prestige whose great potential has not. 
been fully exploited. The Academy is privileged to have among its mem 
several Nobel Laureates, I shall mention only one project of TWAS which Sala 
hoped to see implemented: the project of granting to each one of the developing 
countries at least one complete scientific library. He obtained a promise 
support for this project from the World Bank. Now by means of compute: 
informatics and Internet, which, I understand, ICTP is now developing’ and 
extending to the Third World, that project could perhaps be more easily realize 
It should be felt as a moral duty by the rich western civilization which, after 
owes its birth to a library which was seated in a now developing country, that’o 
Alexandria in Egypt. To start with, we proposed a pilot project for: ft 
Mediterranean countries to our government. We also obtained the interest of our 
President Scalfaro for this project, but for the moment we are only in a phas 0 
promises and intentions. 

I mentioned just some of Abdus Salam’s dreams. There are other deserving 
ones, which are illustrated in his book Ideals and Realities.© t do hope that 
concrete results of the action of ICTP after thirty-three years of operation will 
persuade the United Nations’ agencies as well as our government to give. the 
possibility to the Abdus Salam International Centre to make his dreams a re. 
for the benefit of those who need and deserve it. I am convinced that this would 
be the best possible way to honor Abdus Salam’s memory. 


69.3 “My Association with Abdus Salam” by Dr. Luciano Bertocchi 
Former Deputy Director of ICTP. 


This is the story of my relations with Abdus Salam, which were quite close 
for almost thirty years, and very intense for the last twenty. The first time I heard 
the name of Salam was in the fall of 1956, when, as a young student, I wa: 
preparing my Italian Master’s thesis on dispersion relations. My supervisor gave 
me a copy of the lecture notes on dispersion relations which had been delivere: 
by Salam at Rochester. These were hand-written notes — they appear in the list of - 
his publications kept at our library as publication No. 24 — and the way they were 
written was very typical of Salam’s approach and style. 

Even for formulae, although the beginning as well as the final result were 
correct, the intermediate passages were full of mistakes; but the final result was - 
right. This was typical of Salam: to be able to pick up, in physics as well as in all = 
other domains, the most important points, and to look at them very carefully, 
neglecting the less important details, provided the final result was correct. 


I met Salam for the first time only a few years later, on the occasion which 
has probably been the most important one of the scientific future of Trieste as the 


° Abdus Salam. 1984. Ideals and Realities: Selected Essays of Abdus Salam, edited by Z. 
Hassan and C.H. Lai. First edition. Singapore: World Scientific Publishing Co.’ oy 
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City of Science: the meeting organized by Paolo Budinich at the Castelletto of 
Miramare, with the participation of Salam. (Six of these persons are with us 
today: Budinich, Fubini, Amati, Furlan, Tonin and myself.) 

I later heard about the idea of the Centre during my stay at the University of 
Turin, from 1961 to 1963, and I vividly remember the lively discussions we had 
there on this subject, and the great interest with which the idea was received by 
the community of the young Italian theoretical physicists. We all clearly 
perceived how great this opportunity would be, not only for the developing 
countries, but also for the Italian physics community and for Italian science in 
general. 

The existence of the Centre in Trieste was the main reason for my choosing 
Trieste University after my stay at CERN from 1965 to 1967, rather than 
returning to my alma mater, the University of Bologna. It was clear at that time 
that Trieste would offer, to a young theoretical physicist, better opportunities 
than any other Italian university. 


The last twenty years are those in which my contacts with Salam were 
particularly intense. The way he recruited me was also an example of his 
behavior. I had been given by Salam a task of organizing one of the first training 
courses of the Centre. One day, Cal O’Neal, who was at that time our link with 
the Agency, came to my office while I was working on preparing the selection of 
candidates. It was later evident that he had been sent there by Salam to examine 
my work. The report must have been positive, since immediately after I was 
offered the task of coordinating all the.Centre’s programs and later the job of 
Deputy Director. 

But afterwards Salam demonstrated his trust by delegating many 
responsibilities to me. His mode was: “This is what I want: find the way.” What 
he required from managers was not to bend the rules; it was to find within the 
existing and applicable rules the way of realizing what he had in mind. 

The twenty years I have spent in close cooperation with Salam were the years 
of the Centre’s development, when most of the present programs were added to 
the initial schemes. 

These were for us years in which we were cooperating closely, but also 
fighting each other; but those fights always ended in a clear mutual 
understanding. It was a period of hard work, of fascinating new projects but also 
of severe difficulties. We experienced great satisfaction, but also went through 
moments of deep frustration, when financial difficulties due to delays brought the 
Centre almost to collapse. 

However, when Salam had to physically leave the Centre, those difficulties 
had been overcome, and he would be happy to see that now the Centre is a 
mature institution, which enjoys, to a large extent, stability and autonomy. 
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Salam was also a man of great humanity, although this aspect of him mi 
have been hidden by his energy, by his will to do more and more and to reques 
the same from those who were working for him. 

He always dealt in the same way with heads of states and with the poores 
and youngest scientists; we all remember him standing at the entrance of paitié 
shaking hands with all the mdividuals, from Nobel Laureates to young physicists 
His favorite sentence was “no man is an island”, meaning that we all have 
cooperate. z 

To give you one example of his humanity, | will mention the following. 
few years ago, a thief entered the villa where he was living and most of hi 
medals were stolen. At the same time, he also entered the home of the caretake 
stealing his money. Salam’s immediate preoccupation was to reimburse’ th 
caretaker what he had lost; and we had indeed to find a way within the rules to d 
exactly that. 

What impressed me most about Salam were two aspects. 

1) The capacity of switching very rapidly, almost instantly, from scientific t 
managerial aspects, and especially vice versa, from managerial to scientific 
always iramediately identifying the key points. 

2) His great enthusiasm: his will to try, to explore new avenues, to laune 
new projects, even when he was not sure of success. 

In physics, as well as in managing and creating new things, he alway 
preferred to do one hundred things, ten of which were wrong, eighty right bu 
normal, and ten excellent, rather than carefully analyzing a new idea befor 
trying, and in this way avoiding failures by doing only ten things, nine of vane 
were right and normal, and only one exceilent. 


Another aspect of Salam was his desire for learning. For him learning was‘as - 


important as creating. I shall always remember one of the last discussions I hac 
with him concerning physics, when his illness was already advanced, : 

He was asking me whether I knew a paper in which corrections to th 
semiclassical Wentzel-Kramers-Brillouin (WKB) approximation were discussed 
since he felt that he would need higher corrections to semiclassical calculation i 
what he was doing at that moment in biophysics. Since we — Fubini, Furlan an 
myself — had written a paper on the subject about thirty years ago, I gave him 
copy of that article. The day after he called me again, to discuss details in oui 
paper. One day for him was more than enough, and by that time he already knew 
more about the subject than [ did. 


Among his great successes, two are the summits, and both now bear his 
name: the standard model in physics, the Salam-Weinberg model, and t 
creation of the ICTP, the Abdus Salam International Centre for Theoretical 
Physics. I shall not list in detail the things he did not manage to achieve, but will 
just mention one: the creation of twenty new internationai centers to be located i in 
the Third World. 
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T saw Salam for the last time in the Spring of 1995, when we visited him in 
Oxford. His body was no longer obeying his spirit, which was however still very 
vivid. When J was telling him about the Centre, his eyes were sparkling. And I 
will always remember him in this way: enthusiastic, and eager to learn and to do. 


1 shall end by saying that I consider myself fortunate, since I have had the 
opportunity of working for so many years in such close contact with a person like 
Salam. And many people here should also consider themselves as fortunate, for 
the same reason, as I do. 


69.4 “From the Advanced School for Physics to the Synchrotron” by 
Dr. Luciano Fonda, President of the Faculty of Sciences, University of 
Trieste. 


I met Abdus Salam in the summer of 1960 at Rochester where we were both 
attending the big Conference. I was still doing research in high-energy physics at 
that time and, with him, I belonged to a small working party of physicists trying 
to understand the subtle world of particle physics. Feinberg, Giirsey, Marshak, 
Regge, Weinberg and a few others were also there. I was immediately impressed 
by Salam’s deep insight into physical problems and by his promptness in 
jumping from one item under discussion to another. 

However, it was four years later that he established a working relationship 
with me which quickly developed into a long-standing friendship. He had 
appointed me as the first consultant of the Centre, in the field of nuclear physics, 
and consequently, there were many occasions for interaction when we were 
planning the organization of that field research. Moreover, Paolo Budinich had 
appointed me as Director of the Advanced School of Physics. The school was 
supported by the IAEA, UNESCO and the University of Trieste and welcomed 
fellow participants from developing countries. In this connection I gained a lot 
from his experience as a teacher at Imperial College for establishing the 
fundamental topics (bread and butter as he defined them) and the more 
- specialized courses. The School remained in operation for fifteen years until its 
activities, courses and fellows were transferred to the newly born International 
School for Advanced Studies (SISSA). Throughout this long period my 
interactions with Abdus were continuous. Of course, we had some arguments 
“since, because of stringency of funds, we were unable to cover the many 
fellowships that I wanted to have from the Centre but when he was wrong he 
would always write to his “brother”, as he affectionately used to call me, a letter 
of apology, letters that I still keep because they bear witness to his kind- 
heartedness, to his great generosity. 


Later, I had the chance to know him more deeply from a scientific point of 
view. It was the year 1974 and I received from the Nobel Committee, like other 
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colleagues in our university, the request to propose a candidate for the Nobs 
Prize. I studied in detail all his papers, which were related to the electrowea 
unification of forces and went directly to him to understand some subtle passag 
of the theory. : 

At the time I was surprised at his capacity to work and do research for hou 
and hours untiringly without vacation, with the only aim of reaching the fin: 
result, the final theory. I was also impressed by his sense of history. He had th 
reminiscence of the Islamic past civilizations and of the great Islami 
philosophers imprinted in his bones, And then I became aware of his great 
humanity, of his donations to the poor without making himself conspicuous. As a 
matter of fact, only a few people know that with money he received from th 
prizes conferred upon him, he constituted a fund for donations of instrumentatio 
to the physics departments in developing countries. Together with Jo 
Strathdee, I was in charge of endorsing his checks. These were extremely 
generous actions, which he carried out without showing off. 

In later years, starting from 1980, he strongly encouraged me to establish i 
Trieste a Synchrotron Radiation Laboratory. He provided me with actual hel 
with some ministers, like Romita and Andreotti, and also spoke favorably. 0 
Trieste in England where I directly experienced the results of his actic 
concerning the 6 GeV European machine that ended up in Grenoble. For th 
2 GeV smailer machine of Elettra, now functioning on the Carso plateau, a fe 
kilometers from here, he always pushed the idea that scientists from developin 
countries should have the possibility of doing research there and he proposed th 
construction of two beamlines at Elettra for their benefit. This is somethin 
which still has to be implemented. And again, in those circumstances, he was 
totally unselfish. In fact he told me that he was not afraid that the Italia 
Government would cut the Centre’s funds when the project for building Elettr. 
would have been approved. This was proven by the great joy with which he. 
embraced me after the announcement I made in this very room on July 25, 1985: 
of the final decision taken by Minister Granelli on this matter. 

I was really moved that day by his spontaneous gesture and J am maved 
today thinking that he is no longer here to spur us on with his vision in which 
poor scientists would benefit like the rich. 


69.5 “Abdus Salam and the Department of Theoretical Physics” 
by Dr. GianCarlo Ghirardi, Director, Department of Theoretical 
Physics, University of Trieste. 


For many years I have been in close contact with Professor Abdus Salam: I. 
came to Trieste in 1963, and so I can say that I have been here throughout the’ 
whole period of his Directorship of the ICTP.” 


My relationships with him have been of at least three different kinds: 
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1) Adrninistrative. In the above period I have been the Director of the 
Institute and of the Department of Theoretical Physics of the University of 
Trieste for thirteen years. Thus I had almost daily interactions with him 
concering the collaboration between the [CTP and the University of Trieste. He 
had always valued enormously the presence of the University in the Miramare 
system and the tight scientific links between the two institutions. I think that all 
of us who belong to the University have to be grateful to him for his high esteem 
of ourselves and our institution. 

2) As a consultant. I have been the organizer and/or local organizer of many 
activities from 1976 to 1990. Seven years ago he asked me to head the 
Associateship and Federation Arrangement Programs, a great honor for me, 
which allowed me to contribute to the attainment of the ideal of the Centre which 
I fully share. In relation with this direct involvement, I had the opportunity of 
witnessing day by day his commitment to running the ICTP in the best possible 
manner, his continuous desire to see the prestige and the absolutely peculiar and 
extremely useful role of the Centre, universally recognized among all scientific 
institutions of the world. The two programs that he had launched had two 
purposes for him: on the one hand the primary purpose of fighting the isolation of 
young promising scientists in the developing world; and, on the other hand, to 
make the existence and relevance of the Centre adequately known in all countries 
in order to attract young scientists from the Third World. Consistently with these 
objectives, he also wanted to make the industrialized countries aware of the high 
scientific level and the relevant aims of this institution, in order to obtain the 
collaboration of prestigious scientists for the activities of the Centre, and to 
convince the governments of such countries to imitate the generosity of Italy in 
supporting this wonderful institution. . 

3) As a scientist. I could say many things about this relationship. It has been 
extremely stimulating for me to interact with such a genius. But in place of 
celebrating his outstanding contributions to science which will surely be stressed 
by most of the speakers, let me tell you a story which testifies in an extremely 
significant way to his desire to give a very good image of the ICTP, his deep 
scientific insight and his open-mindedness. 

As some of you may know, I have been deeply involved in investigations 
_about the foundations of quantum mechanics for many years. Abdus had a good 
Opinion of me but he was not particularly interested in this subject. He told me 
several times: “Do figures not come out all right when you use the theory — 
quantum mechanics — in its standard formulation, to calculate the outcomes of 
. any actual experiment? Then, what are you worried about?” Such an attitude is 
. perfectly understandable in his case: when, day by day, a genius like him is 
elaborating new fundamental concepts which lead to a radical improvement of 
Our understanding of nature, he has to be extremely practical and concrete, The 
reflections, both mathematical and epistemological, will follow and will be the 
. task of other people. 
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However, some years ago Sir Karl Popper, the world-wide kno 
philosopher of science, was visiting the Centre. I remember Abdus calling m 
his office and saying: “On this occasion 1 want you to make a long, incisiv 
comment on the speech of Popper, so that it will be clear to everybody that at.th 
Centre we have adequate competencies in all fields related to science.” I kne: 
the writings of Popper on quantum mechanics very well, and, with my dee 
respect for his philosophical work, I must say that I also knew very well that th 
ideas he was going to present in the seminar were not correct. Hence, I said't 
Salam, “I am ready to express my views, but I warn you that I shall be ve: 
critical about what he will say; I am a little worried about attacking such. 
famous thinker in public.” Then Abdus replied: “You have no reason to 
worried, I have full confidence in your competence, and you must go on.” Se 
after Popper’s talk I went to the blackboard and I proved, in the simplest’ ani 
most direct way I could, why his proposal of a “gedanken” experiment, whic 
would imply either the falsification of quantum mechanics or of special relativity 
was basically wrong. He did not counter argue, he simply stated: “I am not véry. 
expert in the technical and formal aspects of the theory, but I remain convinced 
that if quantum mechanics is true, then you can send faster than light signals.” 

The following day Abdus called me and thanked me for my comments.:H 
added that he also wanted to thank me for having made clear to him som 
interesting problems to which he had never paid attention. This is, among: th 
recognitions I have received during my scientific career, one of those I valu 
most..I have mentioned it only to highlight precise evidence of Abdus’ desire: t 
maintain the ICTP’s prestigious image, his incredible capacity to grasp a subje 
immediately even if he was not familiar with it, and his open-mindedness whic 
made him recognize that he could find something interesting even in a fiel 
which he viewed with a noteworthy amount of skepticism. 


69.6 “INFN and the Centre” by Dr. Nello Paver, Director of th 
Trieste Section of the Italian National Institute of Nuclear Physic 
(INFN) on behalf of Dr. Luciano Maiani, President of INFN. 


With much regret, Professor Luciano Maiani, President of the Italia 
National Institute of Nuclear Physics (INFN), is not able to take part in th 
memorial ceremony. He has asked me to represent him and the INFN, and t 
address the meeting on his behalf. I feel honored and privileged to carry out thi 
pleasant function. 


As physicists actively working in nuclear and particle physics, we owe 
great deal to Professor Salam’s everlasting scientific work, which has been reall 
influential for the progress of our field and has led to the present understand: 
of the subnuclear world. However, apart from his outstanding contributions’ i 
physics, T feel we should above all recall here other traits of his uniqu 
personality and, first of all, his contagious optimism as a rule of life. He was" 
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very pleasant and social man, with surprisingly broad interests. He was genuinely 
concerned with the people, their activities, their way of life, their needs and so 
on. To add just one more recollection to the many others already presented here, 
in physics discussions or seminars he was always able to make quite pertinent — 
and often tough — points on the subject at issue, yet in such a polite and tolerant 
way that the interlocutor (or the. speaker) in any case could feel at ease, even 
when the seminar had been tedious! 

A passion for transferring scientific knowledge to the developing countries 
was a distinctive aspect of his whole life, and the creation of the International 
Centre for Theoretical Physics (ICTP) has been one of his greatest successes in 
this regard. [...] 

We are proud that the Italian Government was far-sighted and understood the 
potential of the idea, and that it decided to support the ICTP generously. The 
INEN collaborated informally with the Centre right from the beginning. This 
collaboration was formalized later on through agreements covering participation 
in activities of common interest and exchange of scientists, which proved 
extremely rewarding over the years. 


Another aspect of Professor Salam’s personality I wish to recall is his faith in 
the role of the fundamental or basic sciences — which of course include 
_ theoretical physics and pure mathematics — in the development process. He 
obviously very well knew that social and economic progress depends on a 
multiplicity of factors including the mastery of “sciences in application”, as he 
called them, and of high technology. In fact, he promoted many programs 
pertaining to these categories at the ICTP. However, he considered that research 
in the basic sciences represented a great “added value” from the cultural point of 
view and an indispensable requisite for successful research work in applied 
- sciences and technology in emerging societies as well as in the industrialized 
. world. In these days when severe cuts affect budgets for basic sciences and when 
society seems (to me) to prefer immediate financial returns to intellectual and 
. educational benefits, we certainly miss a strong and eloquent defender of 
* fundamental science. 


Professor Salam was also very interested in international problems and in the 
role of science in politics and society. He was surprisingly well-informed about 
what was going on around the world and had fine, and global, intuitions in this 
- regard. In particular, the present status of science in the Islamic society occupied 
a special corner in his vision of the world. [...] 

_ We thus remember Professor Salam with greatest admiration and love. 
Perhaps the best way to honor his memory is to continue our scientific research 
and do it to the best of our possibilities, and eventually try to realize, in part at 
least, some of his great visions of science and life. 
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69.7 “At the Service of a Great Scientist and Administrator” by  » 
Dr. André-Marie Hamende, Former Senior Staff Member of t 
ICTP. 


First of all, I wish to thank the organizers of the commemoration ceremony 
for this opportunity to pay homage to Abdus Salam, the man who has been 
supervisor from 1964 to 1994. 

Abdus Salam was a great physicist and a great science administrator. His 
exceptional merits in science were sanctioned by the Nobel Prize nearly tw 
years ago while the institutions created by him in Trieste. speak for his 
extraordinary abilities as an organizer. Since other guests will talk about his w 
in physics, I shall focus on only a few of the many episodes which, during my 
thirty-year association with him, have left a profound imprint in my me ry 
because of their impact on the course of development of the Centre and on my 
professional life. 


Abdus Salam was moved by a passionate zeal for physics and for the soc 

and economic emancipation of the developing countries. He was of course a 
that science was not everything in this context but he strongly believed: tha 
science had an essential role to play in the process of economic development 
that, according to his own words, “science transfer must always accomp: 
technology transfer”. This conviction which transpires in many of his wri 
and which is at the root of all the institutions created by him in Trieste should no 
be considered as a naive Weltanschauung promoted by a specialist but rathes 
an expression of his irritation and impatience against what he perceived as an 
indifference or absence of vision in some of the political circles of the develo 
countries. 


The first years of the existence of the ICTP were crucial for establishing i 
credibility and for dissipating the skepticism about its usefulness of some of the 
IAEA Member States. It was then that Abdus Salam could display his 
extraordinary capacity of mobilizing the friendship and the competence o 
eminent scientists like A.O. Barut, C. Fronsdal, M. Rosenbluth, R. Sagdeev 
Nishijima, and of creating a stimulating research atmosphere while pursuing hi 
own work and supervising the research of a group of young and brillian 
physicists from the Imperial College. As Professor Kibble has said that the stud: 
of symmetry in elementary particles was very popular in those days and the IC" 
made important contributions to this sector. This was also the time when eminen 
scientists like A. de-Shalit, C. Villi, S. Lundqvist, N. March, J. Ziman, F. Gare 
Moliner became involved in the enlightened guidance of the activities in nuclear 
and in condensed matter physics. 
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The first episode dates back to 1968 a few months before the Centre moved 
from its first home at Piazza Oberdan to this building. Abdus Salam and P. 
Budinich called me and told me that out of the three professional posts, which 
had been necessary in the establishment phase, only one would be maintained 
and that I should therefore combine my present duties with administration. They 
said that every one should be polyvalent and able to carry out as many tasks as 
required by the organization. Some time later, Abdus Salam added that he wouid 
reject any budget proposal where what he called “overheads”, or the cost of the 
administrative and technical staff, maintenance, heating and air-conditioning and 
so forth, would exceed 25-30% of the total. This was very drastic indeed but 
indispensable for the survival of the ICTP, and implied very strict measures on 
the recruitment, proper grading and promotion of the adminisirative staff. On that 
day, I probably did not fully realize that we were at the beginning of a period of 
austerity and of very slow expansion which was to last until the second episode I 
wish to talk about that is the Nobel Prize. In fact this episode is the Big Event at 
the ICTP. 


The Nobel Prize to Abdus Salam is definitely the milestone in the history of 
the ICTP. Many of us remember that day of October 1979 when Abdus Salam 
returned to Trieste after the announcement of the Prize and the enthusiasm as 
well as the expression of affection and admiration, which welcomed him at the 
entrance of this building, in the city and in the community from the developing 
countries. In the months, which followed, the University of Trieste conferred the 
_ diploma of honoris causa upon him, he was made honorary citizen of Trieste and 
was received by all the local authorities. This Prize was the long awaited 
_ recognition of Salam’s outstanding achievements in physics and, as an indirect 
consequence, the acknowledgement of the validity of his ideas on the 
international cooperation in science and of the usefulness of the ICTP. For the 
Centre, it meant a first leap in the financing of its programs. 

It took nearly a quarter of a century to give the Centre the profile we are now 
- accustomed to: stable research groups, forty to fifty high level meetings every 
- year in a large range of subjects with computational support when required, a 
conspicuous number of Associates and federated institutes, external activities, 
‘research fellowships in Italian laboratories. A few figures show that the Nobel 
‘Prize was determinant for the expansion of the Centre. From 1970 to 1979, the 
increase in financial resources came mainly from the IAEA and UNESCO and 
allowed for an increase of activities (expressed in person/month) of about 3.5% 
every year. After the Nobel Prize until 1984, the average annual growth rate 
umped to 9% thanks to increased contributions of the IAEA and the Italian 
Government. In 1987, the Italian Government became by far the biggest sponsor 
of the ICTP. All this was due to the capacity of Abdus Salam and his deputies 
Paolo Budinich and Luciano Bertocchi to convince high-rank international 
officials, ministers of the Italian Government and members of the Parliament, 
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local authorities and Ambassadors of the genuineness of their ideas, and. 
course, to the support of the international community of scientists. : 


The third episode refers to a visit, in 1981 or 1982, of the Minister of Fore 
Affairs during which the second quantum jump in the financing was annou 
in this lecture hall. Professor A. Zichichi who was accompanying Minister 
Andreotti said that the Ministry of Foreign Affairs of Italy had decided to raise 
contribution to US$ 5 million. This was somewhat expected and, of course; 
welcome but the surprise came immediately after when Minister Andreot 
announced: “I am sorry to correct my friend Antonino, but the contribution 
be ten million.” I shall never forget the smile of Abdus Salam, the incredul 
face of Luciano Bertocchi who had turned to me and a thunder of applause which 
followed. This was the dawn of a new era for the ICTP which materialized 
1987. 


Let me now say a few words on my first encounter with Abdus Salam.:Th 
happened in July 1962 on the occasion of the International Seminar: 
Theoretical Physics organized by him under the auspices of the [AE 
Miramare. The IAEA had sent me there to assist the Scientific Secretary, 
McReynolds, after a sequence of fortuitous circumstances. During the six we: 
of the seminar, I spoke only two or three times to Abdus Salam but, much 
surprise, on the eve of my return to Vienna, he invited me to join him and tw 
lecturers, Marcel Froissart and Abe Paris, for a dinner at the Hotel Riviera. 
end of the dinner, he told me: “Hamende, when the center will be created;: 
will work with me. I shall write to Director General.” This is how the course 
my life changed radically. I joined the ICTP two years later. At the seminar, 
met P. Budinich, S. Fubini who was a lecturer and other friends who are: fie 
today: Harun-ar-Rashid, J. Nilsson, G. Furlan. 


Abdus Salam was a very rich and generous personality. He was exacting 
himself and with his collaborators. He succeeded in inculcating in the scient 
and administrative staff a sense of mission to which everything was subordinat 
To many of the scientists from the developing countries and particularly to tho 
involved in the more fundamental disciplines of physics and mathematic 
advised to cultivate another subject of a more applied nature (the second st 
to contribute to the dissemination of science at a popular level and to take an 
interest in the economic and social progress of their country. To 
administrative and technical staff, he said that everything should be done so th 
the visitors would gain the utmost of their stay at the Centre and never waste 
their time in useless bureaucracy. As for myself, whenever he gav 
instructions, he left me ample freedom in the execution. Here, I must mentior 
trait of his character. He was at times very impatient and each time he had be 
somewhat rude to me, he would send me a note of apologies accompanied by 
small present. I must also mention that I have always been impressed by | 
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“multitasking” capacity: he could switch from one subject to the other with the 
velocity of lightning. 


69.8 “Abdus Salam and the Experience of Mystery” by Dr. Sergio 
Fubini, University of Turin and CERN Theory Division. 


I am deeply honored to have been invited to speak in the memory of Abdus 
Salam, an outstanding scientist and a very great man. 

After all the talks, it is very hard to say anything new about him. However, { 
still found something, which is one of the elements of Abdus Salam’s fame. I am 
referring to one of his books: ideals and Realities. | read it three times and from 
this reading, learned a lot from Salam. For instance, about the scientist’s sense of 
wonder for the beauty and for the symmetry of nature, he wrote the following 
which clearly characterizes his way of thinking: 

“Now if there is one halimark of true science, if there is one perception that 
scientific knowledge heightens, it is the spirit of wonder; the deeper that one 
goes, the more profound one’s insight, the more is one’s sense of wonder 
increased. This sentiment was expressed in eloquent verse by Faiz Ahmad Faiz: 

Kai baar iski khaatir zarre zarre ka jigar cheera 

Magar yih chashm-e hairafi jiski hayraani nahifit jaati 

(Moved by the mystery it evokes, many a time have I dissected the heart of the 
smallest particles, 

But this eye of wonder; its wonder-sense is never assuaged.) 


In this context, Einstein, the most famous scientist of our century, has 
written: “The most beautiful experience we can have is one of the mysterious. It 
is the fundamental emotion, which stands at the cradle of ... true science. 
Whoever does not know it and can no longer wonder, no longer marvel, is as 
good as dead, and his eyes are dimmed. It was the experience of mystery — even 
if mixed with fear — that engendered religion. A knowledge of the existence of 
- something we cannot penetrate, our perceptions of the profoundest reason and the 
most radiant beauty, which only in their most primitive forms are accessible to 
- our minds — it is this knowledge and this emotion that constitute true religiosity; 
» in this sense, and in this alone, I am a deeply religious man.” 


A point I wish to stress is that a very important way of honoring the memory 
of a great man is to continue and strengthen his work. An American folk song 
- says: “His body is in the grave but his soul is marching on.” So the spirit of 
Salam is still here and we have to follow it from where it is, first in this Centre 
which is his Centre, and in his successor, an outstanding scientist from 
Argentina. Salam’s spirit is also in the new center in Korea, in the new 
developments in Venice and in the Middle East and where we, in Turin and in 
Geneva, are trying to build up good scientific relations between the scientists of 
the Region and with American and European scientists. 
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To conclude, I wish to quote a sentence from Disraeli, the great Bri 
statesman, which Salam cited many times and which reads: “There is nothi 
strong and more lasting than an idea whose time has come.” 


69.9 “Abdus Salam and Africa” by Dr. Daniel Akyeampong, 
Department of Mathematics, University of Ghana. 


My thirty years of close association with Professor Abdus Salam began 
October 1963 when I entered Imperial College of Science and Technology. 
London, initially to take the diploma coursework in mathematical physics bef 
embarking on the Ph.D. studies. Salam taught the class in group theory. | 
lectures were very popular and one had to go early to find a seat. Following m' 
successful completion of the coursework in the summer of 1964, he invited m 
his office one day, and told me about a new international center for theoretice 
physics to be established in Trieste, Italy, which he was going to direct in’ th 
autumn of the same year, and the reason why he expected me to join him th 
That was how in October 1964, Jimmy Boyce, Ray Rivers and myself becam 
the first postgraduate students of Salam in Trieste, and so had the honor: 
joining the post-doctorate colleagues Bob Delbourgo and John Strathdee 
become members of the group that was christened by Ms. Jean Bouckley and } 
Miriam Lewis as “the Salam boys”. 


The first years of our stay in Trieste were indeed exciting: Salam had jus 
proposed U(6,6) as a possible symmetry group of nature and all eyes were on thi 
Centre. Salam worked hard to get the Centre known worldwide and we wer 
naturally infected by his ceaseless dedication. We had our lunches together at th 
Mensa dei Ferrovieri with him at the table head, John and Ray at one side of thi 
table and Bob and Jimmy on the other, with me deciding when to sit next to Ra’ 
or to Jimmy. These became physics working lunches — with paper napkin 
serving as writing equipment — and each session usually ended with severa 
suggestions from Salam or Bob or John for us graduate students to pursue late 
The excitement and enthusiasm Salam displayed were infectious; and later whe 
I had the privilege to collaborate with Delbourgo, who was my unoffi 
supervisor, it became clear that he was indeed a chip off the old block. 

An association with Professor Salam is really a life-long one. When i 
September 1966 I went to say good-bye, I thought that was going to be the | 
time I would sce him. However, a few months after my arrival in Ghana, | 
received a letter from him informing me that I had been made an associate of th 
Centre. 


As an associate, I spent three months at the Centre after nine months o 
teaching and research at home. I do remember very vividly the standar 
questions he would ask on each visit, when I showed up to report my preserice 
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“Oh, you are here?” he would say. “How is Ghana? Have you found a place to 
live? Where is your office?” And then finally “What are you working on?” Then 
he would say “Strathdee and I have been working on this interesting problem. 
Why don’t you see him for more details?” It was through the Associateship 
Scheme which was extended several times for me that I was able to maintain a 
close working relationship with him, and for that I shall be forever grateful. 

My last meeting with him was in the summer of 1993 when I went to say 
good-bye to him at the end of a visit at the Centre. Jt was an emotional one with 
both of us embracing each other and not saying a word as if we knew that it was 
to be the final farewell. In November 1996, I heard on the BBC that he had 
joined the ancestors. 


Professor Salam in his time played many parts on the world stage. But for us 
in Africa, he will be remembered, I am sure, for having made it possible for our 
citizens to continue to conduct research at a high level while at the same time 
contributing at home. His conviction was that since science is a shared heritage 
of mankind, all of mankind should participate fully in its creation. But this not 
being the case at present, he felt that the rest must help to facilitate the 
internationality of science, especially since, in Salam’s words, “East and West, 
South and North have all equally participated in its creation in the past as, we 
hope, they will! in the future.” [...] 


The unequal opportunities which exist in the world of science engaged 
Salam’s attention and he used his influence and prestige to try and correct the 
imbalance. The existence of the Centre shows how much can be done with 
determination and goodwill al] around. Because of his own love for symmetry, it 
was his hope that the African scientist would bring into creative effect his own 
cultural emphasis on beauty, elegance and rhythm, just as other scientists are 
influenced in their work by their cultural traditions. This hope could be fulfilled 
given the continuing support of the Centre. 


In its early operation, the number of African scientists at the Centre was low 
indeed. There were only two, Skyim-Kwandoh and myself, both from Ghana. We 
were to be joined later by Taha and Ahmed from Sudan, Maduemezia and 
Nwachuku from Nigeria and later still, when Condensed Matter Physics became 
one of the recognized programs of the Centre, by Allotey from Ghana and 
Williams from Nigeria. The Centre has helped to sustain quite a sizeable number 
of active African mathematicians and scientists, many of whom unfortunately are 
no longer at home to train the next generation of scientists as envisaged by 
_ Professor Salam. These have joined the infamous brain drain — the tide that 
' Salam strove so vigorously to stem — not because they wanted to, but because 
- unfavorable socio-economic conditions so familiar to Salam made it difficult, if 
not impossible, for these scientists to be creatively productive in their own 
‘ countries. 
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Was Professor Salam disappointed by this turn of events? Ever the optimi 
Salam knew that the political and economic situation in our part of the world wil 
take some time to improve. In the 1980s, a coup d’ état brought to an abrupt en 
Regional College organized by the Centre in an African country. Subsequent 
when he was informed that another College in an African country had bee: 
abandoned, also because of a coup, Salam’s immediate reaction was “No 
know how to export coups d’état!” These setbacks may plague the developin 
world into the near future, but that is no reason to prevent us from bringing som 

of the Centre’s scientific activities nearer to home so that seat more people wi 
benefit from these collaborations. 


Africa has indeed appreciated what Salam did for her sons and daughters 
and this is evidenced by the number of honors bestowed on him by its academie. 
~ including the African Academy of Sciences; the Academy of the Kingdom, o 
Morocco; the Ghana Academy of Arts and Sciences — and by the esteeme 
recognition of many of its universities — including Maiduguri in Nigeria 
Khartoum in Sudan; Nairobi in Kenya; National University of Benin in Cotonou 
Benin; University of Ekpoma, Nigeria; Yaounde, Cameroon; Ghana — and by th 
several audiences granted him by heads of state throughout Africa. 0) 


Salam has bequeathed to us knowledge and compassion. So what can we d 
to ensure that his dream, his ideal, shall never die? ICTP can contribute b* 
continuing to make it possible for many more scientists from the developin 
countries to meet and exchange ideas with their peers here. And the internation: 
community at large can contribute by building other centers for highly trained’ 
researchers in other fields, and locating such facilities strategically to enhanc 
their accessibility. Building bridges to.ensure the universality of science will De a: 
lasting monument to his memory. : 

But above all, it is the man’s vision — which was his humanity — that IT 
fervently hope the Centre will keep alive perpetually, like a flame. a 


69.10 “Teacher, Colleague and Friend” by Dr. Robert Delbourgo, 
Department of Physics, University of Tasmania, Australia. 


Salam assumed many different roles in my life: initially as a teacher, bo 
undergraduate and postgraduate, then as Ph.D. supervisor, then as “boss” there a 
ICTP), and finally as a good colleague and close friend. 

My first contact with him was as a teacher. Even though Salam did not fal 
lecturing, I found him to be one of the most inspiring teachers, his breaknec 
pace notwithstanding. And he mixed well with the students at Imperial. In fac 
my first contact with him was in 1958 when he came to a dinner where student 
got to know the staff. He wasn’t too busy for that sort of thing and he alway: 
found time for students, that is until he got deeply involved in the business o 
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totally unpretentious person. Curiously, he quite enjoyed English refectory food 
(can you imagine that?) and was at his happiest when mixing with the 
“plebeians” (as he called the student body) in contrast to the “patricians” (or 
staff). On one occasion Bruno Zumino was visiting us from CERN and Salam 
insisted on taking him for lunch to the student cafeteria rather than the Staff 
Common Room, as he preferred to rub shoulders with the “common man’. I 
think this tells us something about his personality. 

Naturally, he was a great source of inspiration to the students who had 
somehow got wind of this brilliant, charismatic professor who had been recently 
recruited by Blackett and who inhabited the Huxley Building. It was the basic 
reason why I chose to study theoretical physics at Imperial, under his tutelage. It 
was also the reason why hordes of Pakistani students flocked to Imperial College; 
indeed they represented a good third of the postgraduate intake. The early sixties 
were the days of spontaneous symmetry breaking, compositeness conditions, the 
gauge technique and of the birth of flavor SU(3). I vividly remember the verbal 
slanging matches between Salam and Ne’eman during the early exploration of 
the eight-fold way. You must realize that Salam was a formidable taskmaster and 
not many persons survived his scrutiny: he was ever impatient for quick progress 
and his fertile mind kept on exploring new avenues or angles — far too 
disconcerting for a budding postgraduate. Each day he would come into my 
room, tub his hands together and inquire if the problem was “all done”, even 
though the calculations could be pretty gruesome. With Salam you-either learned 
to swim well or else you sank: no snorkeling allowed. All things considered, I am 
really grateful to him for shaping my character and giving me experience in 
handling people, most of all Salam himself. When standing up to argue with him 
on one of the finer points of a problem, you had to be pretty darn sure of what 
you said because he had a wonderful intuition about the answer and was much 
more often right than wrong. When out of desperation you would confront him 
and ask him how he could be so certain, he would break into one of his wicked 
smiles, twiddle his thumbs, lean back in his chair, raise his finger and point 
upwards. Mind you, if you stood your ground and (on the odd occasion) turned 
out to be correct, he did respect you for it. On the other hand, Salam would not 
tolerate pedantry; he was often scathing of persons who did not measure up to his 
high standards, referring to them as “tom-tits” or “broken reeds”; those epithets 
were more derogatory than being labeled a “youth” or “young so and so”. 


Let me reminisce with you about the early days of the Centre. It started life 
in the top two floors of the social security building in Piazza Oberdan, as a few of 
you here will remember. it was, and still is, quite an imposing edifice, 
wonderfully located in the heart of town. Salam was determined that his vision of 
a successful center in theoretical physics would succeed and he devoted countless 
time and boundless energy to attaining that goal, ably aided and abetted by Paolo 
Budinich and Luciano Fonda. The first full year of operation, 1964, saw a 


founding the International Centre. Many of you will know that Salam was a 
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constant stream of visitors coming for workshops in many different fields; 
principally in high energy physics. A few of the more permanent early resid 
were Fronsdal, Barut, Oberman, Sagdeev, Giambiagi, Janouch, Werle, Niederle 
and last but not least my good mate John Strathdee. As well, Salam brought in 
number of students from Imperial College, among them were Dani 
Akyeampong, Jimmy Boyce and Ray Rivers. It is no reflection on Salam that 
could be a bit irascible at times, for he was under great strain trying to keep 
Centre financially buoyant and academically vibrant. He spent so much of 
time coaxing or otherwise shaming the politicians into supporting the Cent 
activities which distracted him from his true love, namely research. I remember 
one occasion, with some amusement, when all the delegates from various 
countries voted “yes” on some motion which affected the operations of: the 
Centre; all except for Australia. This annoyed Salam intensely and ever after. 
detected traces of anti-Ausiralianism. I said “with some amusement” because: 
today’s climate the Australian Government is anxious to foster international 
links, so it would be a very different vote nowadays and Salam would have four 
other enemies. 

The administrative staff which Salam had recruited from the IAEA include 
Moira Blessington, Jean Bouckley, Miriam Lewis and André Hamende. They 
provided every assistance to the scientists and even developed some of the 
quirks. I wonder how many of you recall the hilarious first of April pre-prints 
that Miriam Lewis used to issue, which contained the latest jargon. They’ ar 
probably lodged in the archives. If any of you are feeling blue about the progress 
of your research, I recommend that you read them; they will clear up the 
cobwebs and put your efforts into perspective. ICTP was a cozy outfit those days 
and there was a tremendous esprit de corps, which no doubt still continues today; 
although ICTP is a much vaster entity. Salam’s hyperactive life took him to all 
corners of the globe, mustering support for the Centre and generally showing the 
flag. It meant that he came only in short bursts to Trieste. Often the only times 
John Strathdee and I could discuss the finer points of relativistic SU(6) with him 
would be an hour or so before or after his plane flight. The rumor that he did 
much of his research in transit or upon an aircraft is not particularly far-fetched: 
Because he was so often abroad, it was sometimes left for John and I to entertain 
the occasional visitor who came for brief spells to ICTP. I shall never forget the 
day that we took the venerabie oid scientist, Oskar Klein out to lunch on the 
Carso plateau; I only mention this fact because Klein, like Dirac, was a real hero’ 
in Salam’s eyes and regarded by him as the real discoverer of SU(3) flavor 
symmetry. 

Salam was a model Director and took great pains in getting to know and 
welcoming anyone who worked in the Centre. He mucked in with everybody an 
lunch at the Mensa dei Ferrovieri near Piazza Oberdan was one of his favori 
meeting spots. At weekends he loved going out for a meal of grilled fish at one 
the numerous restaurants along the Strada Costiera. There was one in particular. 
near Sistiana which caught his fancy — I don’t know if that trattoria is still there 
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Being impatient to get back to work, he had a mischievous way of gaining 
immediate attention from the waiters at the end of the meal if they delayed too 
long in writing out “i/ conto”: he would just get up and leave! You should have 
seen the waiters scurrying to write out the meal ticket. 


' Anyhow, those first two or three years, until the success of the Centre was 
assured, placed a considerable toll on Salam’s health and nerves. But in all that 
time his research activity remained feverish. I feel so honored to have had the 
opportunity to collaborate with him. Also, I owe him a great debt of gratitude, 
not only for offering me the job at ICTP but for conjuring a lecturing position for 
me at Imperial College in 1966, upon the death of my father, and with Paul 
Matthews’ active connivance. We continued working happily together for many 
years until Tasmania beckoned me in 1976. To impress upon you his energy and 
vitality, there was one year (1968 as I recall) when he suddenly contracted 
appendicitis and went into hospital of course for surgery. At visiting hours, a 
mere two days after the operation, he was already talking animatedly about 
physics. This gives us another insight into his character: mentally, he felt anxious 
to keep abreast of progress and not miss anything of importance. 


Salam remained in contact with me for a while after 1 emigrated and he 
always took genuine interest in my family, as he did with everyone whom he 
nurtured. He influenced my life at crucial stages in so many significant ways that 
I miss him greatly, as surely do the present company. I will always treasure my 
memories of his kindness, his sense of adventure and the fun of physics — who 
can ever forget his infectious laughter — his generosity, his friendship and his 
humanity. . 


69.11 “Fun with Abdus Salam” by Dr. Gordon Feldman, 
Johns Hopkins University, USA. 


We have heard and will hear a lot about Abdus as a first-rate physicist, as a 
world-class leader, as a great mentor for many younger people and all of the 
other attributes that went into making him a unique individual — only one of a 
kind..{1 would like to talk to you more about the way I knew him as a fun loving, 
happy person who could always make the sun shine for the friends around him. 


At the same time, being here in Trieste gives me the opportunity to remind 
many of you that the early seeds of the Trieste center were planted here in 1960 
at a small intimate meeting held at Miramare Castle and organized by Professors 
Budinich and Villi. Abdus and I attended from Imperial College. We had a 
hilarious train ride from London to Trieste in which he presented himself as an 
Eastern potentate and I was his white factotum (always walking at least three 
paces behind him). I don’t think we were very successful in the pretence. 
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Traveling third class could not have helped the image! And the meetin: 
Trieste was a joy. I would like to read a few lines from a small article in whi 
we wrote about the meeting for Physics Today. 

“In the letter of invitation the following appeared: ‘The purpose of tl 
Symposium is to satisfy a pressing need for continuous interchange of ideas 0 
fundamental physics and to offer an ample opportunity for discussions. In 
keeping with its objective, the atmosphere of the Symposium will be very 
informal.’ This purpose was admirably carried out. The writers have attende 
few conferences so enjoyable and at the same time so informative. The lar: 
international conferences somehow engender a type of ‘conference tension 
which was noticeably lacking at Trieste. Instead there was genuine relaxation, as 
well as good physics.” ; 

After describing the formal sessions we go on to say: “The informal sessio 
were held on the beach, at the table, and near the bar. The discussions were n: 
always on physics. It is difficult to convey in a short article the impression th 
conference left on the conferees. Perhaps it is best described as one of pu 
delight.” 

And pure delight is what it was like being anywhere with Abdus. 


I still remember the first occasion when I met him. It was in the summer } 
1952 when he came to the University of Birmingham (then the domain: 
Rudolph Peierls) to work with Paul Matthews. I was Paul’s graduate student. T} 
sparkle in Abdus’ eyes and the excitement he engendered were contagious. An 
he and Paul were a perfect match as collaborators and close friends, which they 
remained throughout their lives. For the next few years I would see Abdus again 
at Birmingham or at conferences, but it wasn’t until after he and Paul moved to 
Imperial College in 1957 that our friendship grew. From 1959 to 1975 I spent 
every third year at Imperial on sabbatical or leave from Johns Hopkins. I wé 
also there most of the summers in between. Those were happy times. I shared: a 


office with Paul, and Abdus’ office was either next to ours or just across the hall 
Although I did collaborate on a couple of (forgettable) publications with hi 
most of our interactions involved just talking about physics and the world 
general, usually in our offices or at lunch at Saroya’s. The days were alway 
enjoyable and full of laughter. Abdus, as most of you know, was constantly full 
of ideas and he was always bursting into our office to expound some new. 
proposition or idea. Since I wasn’t always receptive to them he dubbed me 
(affectionately I think) “‘the pisser”. Of course there were so many of these ideas 
that, statistically, had some chance of being right. Both he and Paul loved to gi 


names to expressions or equations (some of them a bit risqué) and then tried | 
get them past the editor when an article was submitted for publicatio 
remember when they submitted their paper on functional integration (where they 
nearly got the integration over Fermi fields right), Abdus was so pleased with: 
what we now call the generating function — from which all other quantitie 
Green’s functions, etc. follow — that they dubbed it something which I cannot. 
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repeat at a public talk but which those of you who know your ribald poetry may 
recognize. However it did not get past the editor! _ 


Abdus was not only excited about his own ideas but also excited when he 
read about something he had not known before and thought was simply beautiful. 
I remember his bursting into the office once and on the blackboard he drew a 
short line segment with two little circles attached to the end and with his eyes 
glowing with excitement he said “that’s SU(3)”. Needless to say, neither Paul nor 
I had a clue as to what he was talking about. Abdus had just started reading the 
works of Dynkin and although he couldn’t answer any of our halting questions he 
knew the work was very significant and his joy was infectious. I could go on with 
many more such episodes which filled the days with joy, happiness and laughter. — 


Finally, in a change of pace, I would like to show you a copy of a newspaper 
article which Abdus sent me soon after my 1974-75 sabbatical at Imperial. It 
appeared in a Swedish newspaper just one day before the 1975 Nobel Prize in 
Physics was announced. Perhaps not everyone reads Swedish fluently so (with 
the help of a Danish colleague in Baltimore) I will translate the large print. 

“A rapidly growing group of Swedish physicists appear to be moving 
towards the belief that the Pakistani born physicist Abdus Salam, for the time 
being active in Trieste and London, and his American colleague Steven 
Weinberg, and possibly others as well, will share a Nobel Prize in Physics. In 
which year such an award would occur naturally remains highly uncertain. One 
possibility is this coming Friday when the scientific academy will decide this 
year’s Nobel Prizes in Physics and Chemistry.” 

For those of you who keep track of Nobel Prize winners, you may remember 
that in the year 1975 the Physics prize was awarded to A. Bohr, B. Mottelson and 
J. Rainwater. 

Thete is also the first paragraph of the article which says: “Salam who is 
fifty, and Weinberg, forty-two, are both theoretical physicists, the former (Salam) 
is considered the modern day Einstein.” j 

That to me is a fitting tribute to a great man and a great friend. 


69.12 “What I Learned from Abdus Salam” by Dr. Gerhard Mack, 
Institute for Theoretical Physics, University of Hamburg, Germany. 


This is a tribute to the significance of the work of Abdus Salam that, through 
the creation of this Centre, made it possible for people from so many countries to 
become friends. This is undoubtedly a very important achievement. [...] 

When I was here in 1968 I never felt any pressure or any stress. I was a 
young man then and one of the kind who does not have his feet very firmly on 
the ground, J should say. Abdus Salam seemed to like me and anyway I got quite 
close to him during the time of our collaboration. I learned a lot from him about 
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physics and two main things in particular. The first was the importance of ga 
theory. I think it is still more important than anybody thinks even now. He set 
me to the library to learn about it, reading papers of Yang and Mills, of Higgs, « 
Kibble, and so on. 

The second thing was on the use of mathematics. Now I think that this 
very good lesson also for today. Those who know string theory will understan 
what I mean. His message was that you should keep your attachment 
mathematics to whatever is necessary for physics and if you had the right physic 
intuition then you could easily learn the mathematics that you needed. He told m 
with some glee that he didn’t know any group theory but learned what he neede: 
When he was at Princeton and presented a talk on U(i2), Eugene Wigner aske 
him whether this was a compact or a non-compact group. His answer was more 
or less that he didn’t care so long as he knew what the physics of it was. Th 
lesson from this story was that you would find the right mathematics in due tim 
when you encountered the proper physical difficulties. 


But there were also many informal chats on various subjects. Among othe 
things, he tried to put my feet a little more firmly on the ground by telling me of: 
the money needed to run a physics center and how he went about getting it. I 
learned to know him as a very warm-hearted person when, unfortunately, m 
father had a bad accident in Germany and I had to leave; he sent me home sc 
away. 

The most important message and insight I got from him was one which som 
of us have mentioned before — of a political nature really. The essence of this. 
message was that the people, especially the people of the developing countries 
should be given a sense of dignity. This is, I think, the heritage which i is: 
important. Let me therefore say a few words of my own on that. 


We all know how conflicts arise when people are deprived of the sense of 
their worth and dignity; how politicians use that in order to gain support by. 
polarizing the society, making one part of the society look down upon the people: 
in the other part. You can always find a difference and any kind of difference is: 
transmuted into a difference of worth. Many of the worst things that have 
happened in this century have arisen in this way and the war in Bosnia is one of » 
them. But we also know that the converse can happen. It grows out of hope. 
There was hope for some time. Let us hope that this is not going to be destroye 
completely, that the conflict in the Middle East that seemed totally insoluble can’ 
be solved after all. The one real important reason behind this hope is that a sens 
of dignity has been given back to the Palestinian people. 


The importance of the Centre did not concern the Third World only. Ther 
were also the people from Eastern Europe and since none of the speakers heré. 
today comes from the East, let me testify to that. In 1968, I met here in Trieste 
Ivan Todorov, from Bulgaria, and this started a collaboration of twenty-five 
years, When I met him, Ivan told me that this was his very first visit to the West. 


He had been in Dubna for eleven years before this visit. Even after that, for many 
years, it was far easier for scientists from the Eastern countries, including 
Yugoslavia, to come here than fo go anywhere else in the West. Therefore, I 
' believe that Trieste has played an essential role in maintaining very strong and 
intensive personal relations between physicists of the West and their colleagues 
from the Socialist countries, even during the cold war. There was one exception 
however: I never met people here from the former German Democratic Republic. 

I think that the heritage of Abdus Salam, the heritage of giving dignity to the 
people, should be kept up, and J am glad that the new director Professor Virasoro 
mentioned it in his speech. After the Nobel Prize was conferred upon him, Abdus 
Salam told me once: “I don’t need this prize for myself, I need it for the people of 
the developing countries. I need it for doing something for them.” This was in the 
eighties. 


The last time I had a scientific discussion with him was when he was already 
very ill, a few months before the SalamFest, which took place here. We were 
standing in front of the elevator, certainly at least for ten or fifteen minutes. He 
told me of his interest in biology and we talked about physics. It was difficult to 
understand what he said. J had to get my ear close to his mouth. Nevertheless, he 
was still full of enthusiasm. This is how I remember him. 


69.13 “Together in Lahore and Cambridge” by Dr. Ram Prakash 
Bambah, Professor Emeritus of Mathematics, Punjab University, 
Amritsar, India. 


For a long time before the independence of India and Pakistan in 1947, 
Punjab University at Lahore had the responsibility for supervising and 
coordinating higher education in a large part of North-western India. This part 
consisted of the present Pakistan (minus the province of Sindh) and the Indian 
states of Jammu and Kashmir, Himachal Pradesh, Punjab, Haryana and Union 
Territory of Chandigarh. Part of this responsibility was to hold the final school 
examination, called the MSLC or Matriculation and School Leaving Certificate 
examination. In the Spring of 1940, the results of the MSLC for that year were 
announced, and they carried the stunning report that a fourteen year old boy, 
from a remote place called Jhang, had not only topped in the examination, but he 
had also obtained a much larger score than all the previous ones. All earlier 
records had been broken by a great margin. The next day the regional leading 
newspaper Tribune, with which I now have the privilege of being associated as 
one of its trustees, carried the picture of a small boy with a large turban. The 
turban that you saw Salam wearing at the Nobel Prize ceremony is similar to the 
one he wore in March 1940. And that is the picture that I carry of Salam as 1 saw 
him for the first time. 
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With that kind of performance, he would normally have come to Govern 
College, Lahore, for further studies. But due to lack of funds, or perhaps oth 
reasons, he continued his studies at Thang in a small college not known for 
greatness. After two years he took the next university examination called ¥ 
intermediate examination in the Faculty of Arts. He again got the top score. 


In 1942, at the age of sixteen, he moved to Government College, Lahore. 
had joined Government College in 1939 after my matriculation and at that time 
was in the class one year senior to the class that Salam came to. That is where’ 
first met in 1942. We were both sixteen. Government College was a leadin 
institution in that area, but it was more of a public school than a universi 
department, and it catered really to rich and influential people. They, howeve 
took some good students and some sportsmen also to give it a certain characte 
The student body thus consisted of various groups of people with simil 
backgrounds. One such group was composed of those who had done well i 
examinations and Salam naturally found his place in this group. : 

This group had a subgroup including those who had topped in various 
examinations and Salam became a leading member of this subgroup. Soon after. 
Salam joined us, one of us, Prem Luthar, got an attack of appendicitis and had te 
be rushed to the hospital. Salam looked up everything about appendicitis in the: 
Encyclopedia Britannica and went to Prem’s bedside to help nurse him. In the. 
system, then and now, the hospital did rely on attention from friends and relatives: 
to see people through their illness there. Salam spent forty-eight sleepless hours 
attending to Prem after his surgery. This endeared him to all of us and made him 
a very close member of the group. Also his laughter, such vigorous laughter in a 
small body, made sure that wherever Salam was, there was a lot of friendship, ._- 

The academic requirements were no strain on Salam, so he had plenty of free 
time. He discovered chess, which he started playing fairly well. He tried ping- 
pong, which he didn’t play well. Then he started participating in debates, and 
spent more time in so-called frivolous activities than in study. I believe his father: 
came to know of this and asked him to be careful so that his studies did not 
suffer. 

Government College, Lahore, had no pretensions of great scholarship, but 
among the four teachers of mathematics there was a “strange” man callec 
Chowla (whom perhaps many of you know as one of the great number theorists 
of present time), who was not only, perhaps, the only practicing mathematician in 
the region, but he did mathematics all the time and nothing else. The ot 
teachers used to think he was crazy. He had the habit of ending his classes 
sometimes posing unsolved problems. So, while teaching cubic and quartic 
equations to Salam’s class, he posed a problem of Ramanujan regarding fou 
simultaneous equations in four variables. Salam spent three or four days on that, 
and then he came back to Professor Chowla with the solution that the four. 
variables were the roots of a quartic whose coefficients could be found b 
solving a cubic. Professor Chowla sent Salam’s solution to Mathematics Stude 
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for publication. Thus, the first published paper of Salam appeared as a two-page 
note in volume 11 (1944) of Mathematics Student, pages 50-51. The note has at 
the end the name and address of the author as Abdus Salam, 4th year student, 
Government College, Lahore. He was an eighteen-year-old undergraduate at the 
time in an atmosphere where no one (other than Chowla, of course) thought of 
doing anything original. The last paragraph in the paper says: “By employing the 
same methods, we can solve the system of equations x = aty, y’ = atz, 7 = atx 
much more rapidly than Ramanujan did. His is a very laborious method.” One 
cannot but notice the confidence of an undergraduate student talking about an 
effort of the legendary Ramanujan. Unfortunately, I cannot show the paper here, 
but it can be seen in Salam’s collected works. 

In 1944, Salam took the B.A. examination with Mathematics, English and 
Urdu as his subjects. Once again, he broke all previous records by a large margin, 
actually more than five percent. He offered additional papers for an Honors 
degree in English and here again he created a new record, hurting the ego of 
some persons who, perhaps, played a somewhat negative role in Salam’s career 
later, but I won’t dwell on that. As a result of his performance in the B.A. in 
1944, Salam faced a dilemma: should he go in for a Mathematics Master or 
should he opt for a Master’s degree in English. He was equally good in both and 
had done extremely well. [...] 

Salam opted for mathematics. I guess he felt that he could prepare English 
and History at the Indian Civil Service level on his own, but Mathematics would 
need more training. Since I] was one year ahead of him as a student of 
Mathematics, we became closer still. In the meantime, I had also moved to the 
hostel, so we were neighbors. Neither of us could afford to buy books, so we 
borrowed them from the library on the clear understanding that each of us could 
walk into the other’s room and take whatever he needed to study. We exchanged 
some notes sometimes, but since the system was no strain, neither needed the 
other’s help academically. Salam’s interest in literature continued and he had a 
great passion for the beauty of thought, expression and also human form. He 
discovered Oscar Wilde and for some time he was talking only of the beauty of 
Oscar Wilde’s language and wit. At one time he was reading Lawrence’s Seven 
Pillars of Wisdom, afew pages almost every day. 

In 1946, he passed his M.A. examination, again standing first with a high 
score. And then the dilemma started. The Indian Civil Service examination 
allowed you to get in and help the community through the power that came that 
way. But the examination had been suspended in 1942 during the war and had 
not been restarted. Also, even if the examination had been restarted, Salam would 
have been too young to take the examination and he would have had to wait a 
couple of years before doing so. So, it was decided that he would spend a couple 
of years in England. [...] 


At the beginning of 1948 he passed the Mathematical Tripos Part I with a 
first. It was rumored that he had the top score there also, though at Cambridge 
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they did not reveal individual scores. I came to Cambridge in 1948 as a resé: 
student and met Salam again. On his advice, with the help of Professor Mord 
my supervisor, I also transferred to St. John’s from Fitzwilliams House where | 
Indian High Commission had placed me. In the Cambridge system, it v 
obligatory to have dinners in the college hail, and we had at least five dinn 
there every week. It was quite natural that Salam and ! and a few others star 
taking dinners together because of our common background and language; : 
this group became very close. We used to walk together, go to movies togeth: 
and when we did not feel like working we went to each other’s rooms and talk 
Punjabi till late hours. After having done Part II of the Mathematical Tripos 
two years, Salam joined Natural Sciences Part Il. He was miserable in 
laboratory and when he took the examination in 1949 he was very apprehensive 
But after seeing his result, he came to our rooms to give the good news that 
had again got a first. He also described the following amusing incident. He sai 
that after looking at his result at the Senate Hall, he met one of his lal 
supervisors, who said, “Salam, how did you do?’ Salam said: “Sir, I hav 
managed a first.” The man turned a full circle on his feet and said: “This show 


how wrong one can be.” 


Salam had now completed three years of his stay at Cambridge. He ha 
double first and his scholarship had come to an end. He was planning to go bi 
home, take the Pakistan Civil Service examination and start playing his role’: 
supporter of his family. Then, Fred Hoyle, I think, told him that the colleg 
would like him to stay for research and was willing to give him an extension fe 
the purpose. [...] 

He went back. With the help of Sir Zafrulla Khan, I think, he was iipolnted 
Professor of Mathematics at Government College, Lahore, given leave on full 
salary to be paid to his father, and sent back to Cambridge for work for his Ph. D: 
So he came back and persuaded Kemmer to supervise him. Kemmer told him that 
he would give him no problems and suggest no solutions, and the only thing that 
he could expect was that he could talk to him whenever he wanted to. [...] 

I was going to Princeton in 1950 on the invitation of our old teache 
Professor §. Chowla, and Salam said: “If you meet Dyson, you tell him I hav 
renormalized longitudinal photons.” I happened to meet Dyson and mentioned 
this to him. He said: “I don’t believe it, but if he has done it he will be ve 
famous.” And he is famous. On my telling Dyson that Salam had taken up thi 
work because of his suggestion in one of his papers, Dyson said: “I had said: 
should be done, not that it could be done.” 

Salam was elected to a Fellowship of St. John’s College, Cambridge in 195 
and I got elected in 1952. I came to Cambridge in 1954 for residence for a fe 
months. During this time I again had an opportunity to spend a good deal of tim 
with him, often enjoying the hospitality of his wife. Even then Salam had start 
thinking seriously of taking steps for the development of science in our countrié 
We both felt that one of the great difficulties for young scientists in our countries 
was isolation from active workers elsewhere. As we all know, Salam 
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motivation for ICTP was to provide a place where young researchers from 
developing countries could interact with their peers and seniors and leaders of 
science from all over. 

. After 1954 we went our different ways. We met occasionally, for short 
periods, but whenever I met him he forgot his greatness, he forgot his 
achievements, and he reverted back to the old days talking about old friends and 
the times we had together. When my daughter, who is a mathematical physicist, 
met him at Trieste, he wrote in her autograph book some very flattering remarks 
about me. Out of her reverence for Salam, she is willing to consider that I am not 
entirely useless. 

It was my great fortune to be associated with such a good human being who 
was one of the greatest contributions to mankind from our part of the world. 


69.14 “Delight in Abdus Salam’s Company” by Dr. John Ziman, 
Professor Emeritus of Physics, University of Bristol, UK. 


In 1954, I was in Oxford and just about to take a lectureship in Cambridge. 
John Spears, who was a theoretical physicist in Oxford, said to me: “Ah, you are 
going to Cambridge. You will meet Abdus Salam and you will know who he is 
by his conversation.” His conversation was like this: “Dispersion relations — oh, 
ho ho ha ha. Meson physics — Oh, ho ho ho, yes, ha ha.” So I went on a visit to 
Cambridge just before moving there, and as I was walking down King’s Parade I 
saw John Ward, whom some of you have heard of, who was with this man. He 
started his conversation and sure enough that was the way he talked. But his 
laughter wasn’t just about everyday things — you know that anybody might after 
all be rather cheerful outside his work. With him laughter was part of physics. 

I have been reflecting upon the fact that when Professor Bertocchi and 
Professor Fonda referred to their readings from Salam’s books, they told me that 
what they read in those texts was as nothing to what they would have gotten from 
this laughter and from the delight that radiated around him in relation to the 
world of physics. They used the word “delight” and that is exactly the word I had 
written down myself while reminiscing on such a great person. 


Before coming to the direct connections I had with him later, let me say 
something on an episode, which occurred in this building in the seventies when I 
was quite frequently in Trieste. As I was going into his office to discuss 
something, he was on the telephone talking to someone who had done an 
experiment that might or might not test the Salam-Weinberg weak interaction 
theory. It later occurred to me that he did not need the internet. Nowadays, 
everybody uses internet in order to have those continual conversations which 
probably distract everyone from doing his real theoretical physics. I am not sure 
how one does research when people are sending you messages. I would assume 
that one should better sit down quietly and get on with physics: this is how we 
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were taught to do it. But with Salam, it was on the telephone. He was alre 
networking all through those days, building up his knowledge of physic 
friendships, connections with people and carrying out this diffusion of” the 
delight, the marvels, the beauties, the pressures of the great discipline in which 
we are engaged. 
Now, let me turn to another side. I have to say that we were coniemporarie: 
we were lecturers together in Cambridge from 1954 to 1957. I used to see hi 
around there and we knew each other well at that time, but we were working'in 
different fields and so there wasn’t a very direct contact. In 1957, he went off to 
Imperial College and I went in due course to Bristol. And then in 1966, I got a 
message from him; would I come and drop in on him at Imperial College, h 
wanted to talk to me about something. ae 
I have to say that at that time I knew that he had set up this international 
center at Trieste. What was it all about? Why did we need an International Centre 
for Theoretical Physics? Every good university was an international center for 
theoretical physics. And so on. I had my own views on the subject and was a 
little bit doubtful about the whole thing. [...] 


I discovered in him what I hadn’t suspected from this friend of mine, from 
this cheerful, brilliant, lovely man that we knew around. I discovered that he was 
essentially a man of power. That his charisma, his power, was not simply in 
relation to the physics he could do and the way he would help people and so 0 
it was a power to persuade. I don’t know where it came from. It was an 
irresistible passion in him that created passion. This was perhaps because one: 
always felt that what was to be done was something worthwhile in itself and not 
something that he just wanted to do. It was a cause, a true cause. And of course 
we have seen how that passion created this great place here and many othe 
institutions around. ; 

All these things that were created by him owe, I suppose, their being to this 
power to persuade. I saw this in action doing courses here, serving on the 
Scientific Council of the Centre, and all these experiences over the years. I have 
seen it being applied to the officials of the IAEA who were, I think, fairly a 
pushover. On the other hand, the Italian Government was a slightly mote 
complicated business and they had to be persuaded, In fact, I am delighted to see 
Paolo Budinich here because Paolo had a completely different way of getting 
things done. The skillful, knowing, Italian way of doing it, this is quite different 
from the way of doing things by a Pakistani man of power. But sometow; S 
between them they got things done. : 

There were moments actually when there were, at the Scientific Gorse 
resolutions we had to pass, and we were told they had to pass and we never 
understood what they were, what they meant, but they meant another few. 
hundred billion lire or so from the Italian government and therefore it was worth 
doing it. He applied this power to UNESCO and to all sorts of visiting pope and 
got ihese things done. 
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I also feel, that this power was used more gently to the staff and 1 am glad to 
see Miriam Lewis here, but others who were the staff of the Centre, although 
they may have cursed him quite a lot of the time, knew that they were working 
for a great man and that he was behind them in their efforts. And this is what 
made this place a lovely place to be at because it was run very efficiently, 
everything worked and yet there it was totally unbureaucratic. 


I have been asked to read the message from Stig Lundqvist, but before I do 
that, I have a question for those who knew Abdus Salam well. And my question 
is this: What exactly is ossobuco (bone marrow)? Whenever we went out to our 
local restaurant in Trieste, he always had ossobuco. I tried it. A very good, nice 
dish, but I was so fascinated by his particular love of that dish. I never actually 
discovered what precisely was in it. Perhaps that’s more important than knowing 
how many quarks there are in a nucleus! 


Now, I shall take over the final item of this morning’s session which is the 
message from Professor Stig Lundqvist. 1 was asked to do this because Stig 
Lundqvist and I worked together for many, many years in the program of the 
Centre on condensed. matter/solid state physics. I am deeply sad that his health 
prevents him from coming here. It doesn’t say so in this letter but I know that it is 
so because he was deeply devoted to the Centre and to Salam. Altogether he is 
one of the most admirable and lovely people that gathered around in this Centre 
and my close and warm colleague for many years. 


69.15 “Thirty Years of Condensed Matter Physics” by Dr. Stig 
Lundqvist, Professor Emeritus, Chalmers University of Technology, 
Gothenburg, Sweden. [Read by Dr. John Ziman] 


I got to know Abdus Salam during my years in Uppsala in the fifties. As he 
was a scientific secretary of the big international conference to be held in Geneva 
on the peaceful uses of atomic energy, he became a very good friend of my 
teacher Ivar Waller, and Waller later became a surmmer guest at the Centre all the 
years up till his death at the age of ninety-two. 

The Centre started with a small budget in 1964. The first years were mainly 
devoted to particle physics. After a few years, Abdus Salam’s advisers 
recommended him to diversify and expand the program by including activities in 
condensed matter theory. The condensed matter activity set off in 1967 with a 
real bang. It started with a three-month course with a large number of key 
physicists lecturing. The Directors were J. Ziman, G. Cagliotti and F. Bassani. 
When Ziman left after a few weeks he entrusted the day-to-day running of the 
course to me, and since then I have been closely associated with the condensed 
matter program. 
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In 1970, the program was enlarged to include an annual three-mont 
workshop in the summer and I was appointed the Director of that activity. I hav 
had several wonderful collaborators in this project, such as Norman March, Pa 
Butcher, Elias Burstein and many others. This was in addition to an extende 
course on condensed matter physics, which was held every second year. Later i 
the seventies, Erio Tosatti became a professor at the International School for: 
Advanced Studies (SISSA) of Trieste and a consultant for our program. We. 
always had some small conference in the summer and he was very helpful i in 
organizing these meetings and suggesting suitable topics. 

All these years [ had very close contact with Abdus Salam. We discussed th 
scientific program and above all the interesting new physics he was doing. The 
possibility of a Nobel Prize for him was coming close and as I was a member of: 
the Nobel Committee, these discussions became very complex. oe 

In the early eighties an important step was taken when Yu Lu was appointed 
to a leading permanent position at the Centre. He had done significant work as a 
leader and his initiatives have been instrumental for the development of the 
condensed matter group. 

Around 1984, the ICTP got an unexpected major financial coumibution: 
Instead of spreading the goodies thin over all the programs, I suggested to start a 
new series of conferences, which we call the Adriatico Research Conferences: 
They would be partly pedagogical and we decided to have long morning lectures, 
a total of twelve per conference, giving the major outline and presentation of the 
theme. The rest of it would cover mainly technical topics. The conferences were 
not restricted to condensed matter physics, but had a much wider scope. We have 
had up till now sixty-four Adriatico Research Conferences. Some of them have 
been centered on very tiny topics. As a whole, they have covered a very wide 
area. Abdus Salam gave us great support for this scheme. 

This year we have been running the condensed matter program for thirty 
years. All this time Abdus Salam has been strongly supporting my activities and 
he has also been a close friend. He has given generous moral and financial. . 
support for our program. For me it has been a great experience to work with him 
and I wish to thank him for all his support and encouragement. I consider Abdus 
Salam as a very close friend and I sincerely miss him. i 


69.16 “A Lighthouse for Young Scientists” by Dr. Rexhep Meidani, 
President of Albania. 


The foundation of the International Centre for Theoretical Physics, based on 
the ideas put forward by Salam, was a pioneering initiative to keep alive the 
higher education, the research and creative power of thousands of scientists, and: 
many more in the future. It was a lighthouse for young scientists sending rays of 
light illuminating the dark paths of difficulties in the developing countries. The 
United Nations organization was established to promote peace in the worid and 
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the International Centre for Theoretical Physics was founded as an instrument of 
this peace with a new visage, the visage of science. This investment and its 
benefits have always been visible and coherent. 

And now after one third of a century from its birthday, we shall add to the 
initials ICTP — the symbol of wonder, spirit and cooperation of science — the 
name of one of the greatest personalities of the physics community, who devoted 
his life to keeping the morale of the poor scientists from developing countries 
alive and fought to prevent their pulling power from sinking to absolute zero. 
These new letters embody the name of the father of physics, who dedicated his 
energy to kindle the enthusiasm of young physicists, gathering them with 
celebrated peers from industrialized countries, respecting the principles of French 
illuminism: liberté, égalité, fraternité, organizing face-to-face communications 
between young and experienced generations, between fresh ideas and old ones, 
crazy concepts and standard ones. 


I would like to emphasize that in my scientific career two moments stand out. 
The first relates to my post-graduate studies and research work at the Centre 
de’ études nucléaires at Saclay in France, which allowed me to collaborate with a 
team of superb French scientists, under the institution’s spiritual leader, Nobel 
Laureate P.G. de Gennes. During this time I not only acquired valuable 
knowledge but I also developed warm and lasting friendships. The second is 
linked with my studies at ICTP, Trieste where I was fortunate to meet Professor 
Salam, a great and generous man. During the course of a decade it was always a 
real pleasure to work and stay at ICTP. It is no exaggeration if I define this 
Centre as a goodness of Salam. Invented by this special scientific, political and 
diplomatic brain it has served as a modern concentrated model of spiritual 
freedom, intellectual independence and real humanity, of scientific salvation and 
encouragement for poor countries, and a symbol of sociability for all physicists 
around the world. 

Salam’s target was not only to create a scientific center, but also to capture, 
through his human and spiritual imagination, the most advanced model of a 
community and a new building of collaboration, independent from race, religion, 
nationality or political affiliation, and moreover to light the path of an integrated 
peaceful world of free people with an open heart and original mind. 

And I would like to believe, as Professor Salam did, that a new world will be 
possible through skillful advanced planning and real cooperation of scientists. 
Following Salam’s ideas we must have the courage to think the unthinkable. 

But, as elsewhere, to make the venture succeed, scientists will have to 
release, time after time, top-class or top-lab work and put in an enthusiastic 
showing also at political venues. There are good reasons for thinking that the 
intellectual and scientific brakes should be applied to proceed more cautiously 
when one deals with human demands associated with effective, integrated world 
governance. 
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In participating in the ceremony of unveiling the Centre’s new name,. Th 
Abdus Salam International Centre for Theoretical Physics, 1 wish to salute t 
man who honored not only his country, not only the physics community but al 
the scientists in the world, by his example and by his ideal of a more fraternal 
society, based on the principles of justice and the dignity of human beings, that. 
he embodied himself. 

I am pretty sure that both his example and his ideal will continue to inspire 
not only his collaborators at the Centre, but all of us who share his belief tha 
such a world is possible. 


Better than anyone, Professor Salam understood what pragmatic policy and» 
concrete diplomacy meant, and he applied them successfully, He was a real. 
ambassador of physics in the political and economic communities, contributing. 
everywhere to the financial survival of the Centre. He often said that scientific S 
thinking helps society address its problems in a rational and systematic way, And 
I share the same belief that science helps people change their outlook on the. 
social and economic problems they are facing. In essence, it is normal to think: 
that scientific reasoning helps to find the important detail, the simplest one: 
perhaps, in the complexity of questions, evidence and facts, to make prediction 
based on analyses and synthesis, on different levels of abstractions. Of course,:: 
the complexity of problems in social life or in the economic sphere cannot’ be’ 
explained by the so-called many-body theory and it is different from ‘the: 
scientific one, but the way of facing them and the methodology are the same. 
Also, there is no doubt that the scientific concepts are extremely useful in modern: 
social and political life. Some days ago, at a meeting with local authorities in one 
district of Albania, I explained why a factory there was inefficient, based on the: 
concept of critical mass for production. Analyzing this case and developing this 
idea more concretely, I pointed out by different examples that the concept of 
critical mass (related closely to the transition from quantitative to qualitative: 
changes) is not only a scientific or philosophic concept, but also a political, : 
parliamentarian, economic, financial and social one, in a pluralistic system and a: 
market economy. 

Was not the concept of critical mass or critical size that was developed: 
carefully by Salam quite important for the success of the physics community in: 
any given country? It was this concept that generated the necessity of the 
foundation of the Centre. : 

It is true that politicians rarely choose physics as their major area of study, 
but Salam thought that science, and particularly physics, offers a kind of training 
that fits well with the intellectual and spiritual demands associated with effective 
governance. Considering this fact, I am sure that many scientists, responding to: 
the conditions that their nations will face in the near future, will become actively, 
involved in efforts to rebuild a new democratic world, their nation’s democratic 
institutions as well as international equitable cooperation following the spirit and. 
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the main human characteristics of scientific activities, which are concentrated in 
Rutherford’s expression: “Science is international.” 


I would like to emphasize another important problem for scientific and 
technological development and for further human civilization, to which Salam 
made a great contribution; that is the support of basic scientific research. 

Of course, efforts to obtain immediate concrete results through basic 
scientific research can often be a heart-breaking exercise with a lot of problems 
and difficulties. This is also nurtured by the pessimistic view that many of the 
world’s problems — including problems in science — were brought about because 
people, particularly politicians and economists, considered or saw the immediate 
benefits or gains rather than the long-term problems. It may be that this is 
particularly true, but the history of science doesn’t show that because, in general, 
a theoretical result of yesterday or today will be a fruitful application for 
tomorrow. 

There are barriers, but through persistence and the tunnel effect the optimists 
of basic research will win one day, despite a few little headaches. Yet, given the 
level of intellectual capacity now found among the researchers both in 
industrialized and developing countries, I am certain, as Professor Salam was, 
that basic scientific research will play an important role, particularly in the long 
term. This role will find its expression not only in the acquisition of new 
knowledge but in the transfer of technology that will have a positive impact on 
the nations’ social and economic well-being. To meet these challenges, the 
universities, or more specifically the departments of science in developing 
countries, will seek to increase cooperation with institutions in industrialized 
countries. Like here at the Centre, based on.Salam’s initiatives, a new policy has 
to be applied, pursuing joint conferences, seminars and courses to keep the 
researchers and students everywhere up-to-date on global scientific findings. To 
this end, new centers of cooperation or different organizations have to emerge 
and the concept of devolution has to be applied to generate new ways. Also, 
regional cooperation, in different fields, across old national borders (which 
sooner or later will evaporate as in Europe, as the European Union integration 
progresses) may in time engender a new set of collective organisms and 
mechanisms that weaken the pull of the old nation states. In this way, there is a 
chance to make some steps ahead towards the globalism of science, to enjoy 
other episodes of relatively rapid evolution, following closely that of the global 
economy. In this still imperfect world, where contacts count for so much, it is 
better and more fruitful to join in, rather than stand outside and wait for change. 

Today, more than ever before, dedicating our sentiments to Professor Abdus 
Salam, I believe that each of us, as individuals, must not only struggle to make a 
better world, to build a new conscience, but also to make ourselves better and 
conscientious, for the important role to be played in our world. In this 
perspective, J think that we could at least feel and say that Professor Salam was 
for us, for our physics community, for science and all open-minded societies in 
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general, a chance of grasping and catching these problems at an early nee an 
of lighting our own path. 

In unveiling the Centre’s new name, The Abdus Salam International Centr 
for Theoretical Physics, my greetings are: “Many happy returns of this ne’ 
birthday.” 


69.17 “We Shall Maintain the Level of Excellence of the Centre” b 
Dr. Gioacchino Fonti, Representative of the Italian Ministry of th 
University and Scientific Research and Technology. (Translated fror 
the original version delivered in Italian.) 


It is an absolute privilege and a true honor to pay, on behalf of the Italia 
Government and especially the Ministry of Research, our heartfelt and sincet 
respects to the memory of Abdus Salam. Being here today and participating 
the ceremony not only respects the tribute rightfully deserved by a great 
international personality and, among other things, recipient of the Nobel Prize for 
Physics, but also means supporting and sharing an idea: that science is an 
irreplaceable instrument of peace, welfare and social growth throughout th 
world. 

Conceived through the torment of his own personal experience w 
brought Abdus Salam to carry out his mission of research scholar outside his 
home country, the birth of the International Centre for Theoretical Physi 
constitutes a clear and concrete response to all those skeptics who deny science. 
the power to overcome social, political and ideological barriers and to provi 
humanity with the key to progress and development. The Centre has hosted. 
scientists coming from over one hundred and fifty Member States of the United 
Nations, the IAEA and UNESCO, for a total of sixty thousand visits. 

The annual number of visitors, which in 1964 was merely 83, has reached 
about four thousand in the nineties. Around 53% of these visitors came from’ 
developing countries. The activities of the Centre are quite varied: from 
workshops to scientific conferences, from laboratory research to award 
presentations. Of particular importance is the Associate Scheme which allows 
high-level scientists who live and work in developing countries to remain in 
regular contact with the more modern aspects of their field of research. This is 
program which helps to reduce brain drain in the Third World. 


This brief overview of the Centre is sufficient to testify to the success of the 


institute which, moreover, has found its ideal location in Trieste. Trieste, 
meeting-point of western and eastern European, as well as of Mediterranean, 
cultures, is an appropriate location, therefore, for the rise of models of 
international cooperation in the field of ene whence the name “the city 
science”. 

But this is not all. The example of Trieste did not fail to encourage also th 
creation of other centers elsewhere in the world, such as the Centro International 
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de Fisica, Santa Fe de Bogotaé in Columbia, or the Pacific Center for Theoretical 
Physics in Korea, to name but a few. If all this, on one hand, brings us sadness 
since the person who started it all is no longer with us, on the other hand it 
comforts us when we look again at the ICTP. The Centre is alive and well in the 
scientific legacy, the commitment and the achievements left by Abdus Salam. 
We are certainly aware of the well-deserved reputation of the Centre throughout 
the world’s scientific communities, and we pride ourselves in knowing that it has 
contributed to projecting an image of our country, which differs from that 
stereotyped by the mass media. Also worthy of consideration is the prominent 
role it has played as pioneer in the establishment of the so-called “Trieste 
system” within which such scientific enterprises as the International Centre for 
Genetic Engineering and Biotechnology (JCGEB), the International Centre for 
Science and High Technology (ICS), the International School for Advanced 
Studies (SISSA), the Research Area, and the Synchrotron Laboratory have been 
developed. 

Consequently, I cannot but re-emphasize that it is a special honor for me to 
represent, on this occasion, the Ministry of Research, the governmental 
administration which, as a token of its institutional objectives in the coordination 
of research activity (including its international components) as indicated in the 
Ministry’s statute, has assumed a role of tutelage for the Centre. This means that 


the Ministry’s contribution to the Centre has but one objective: to guarantee the | 


validity and the quality of scientific life and of the activities which take place 
here at the Centre, as well as elsewhere in the world in the name of the Centre. 

As Government representatives, we are proud of having been able to support 
Abdus Salam at the right moment in the fulfillment of his dreams. And we, 
together with his successors, undertake to maintain the same level of excellence 
at the Centre, now named after him and therefore, a monument to his memory. 

I shall conclude by conveying the greetings of the Minister of Scientific 
Research and Technology, Professor Berlinguer, with his best wishes for the 
continuing expansion and increasing success of the activities of the Centre. 


69.18 “A Great International Servant” by Dr. Hans Blix, Director 
General, International Atomic Energy Agency, Vienna. 


Abdus Salam appeared for the first time on the scene of the International 
Atomic Energy Agency as a Delegate from Pakistan at the IAEA’s General 
Conference in 1960. Let me quote from the minutes, which I looked up a few 
days ago, of the 39th plenary meeting at the Neue Hofburg on September 22, 
1960. Abdus said then, I quote from the minutes: “His delegation and others 
proposed that the Agency should sponsor an international institute of theoretical 
physics. Such an institute would need no laboratories or costly apparatus. A 
modest building containing lecture halls and a library would be sufficient. The 
staff would work on nuclear theory, the theory of elementary particles, reactor 
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theory and the theory of thermo-nuclear fusion. At first the institute would award. 
about fifty fellowships a year, half to experienced physicists who would 
granted one year’s leave for the purpose by their respective institutes. A similar 
system, he said, had proved successful at the world famous institutes in 
Copenhagen and Princeton.” 
The proposal was moderate indeed and in line with the mandate of the IAEA. 
but it took some time to materialize. It was assessed by several committees and” 
discussed at meetings’ of the Board of Governors of the IAEA, and of the General.” 
Conference as well. Eventually, it was decided to establish the International: 
Centre for Theoretical Physics in Trieste, the seat selected among several other - 
options, and it was officially inaugurated i in 1964. 
What Abdus Salam has left us is about ten times the size of his initial project 
The “modest building”, as he termed it, that he wanted is now a complex of fou 
edifices and the fifty fellows have become some four thousand scientific visitors 
every year, and as I heard from the Italian representatives, about sixty thousand 
totally over the years. : 
Abdus used all his persuasiveness, which was not limited, his charm, and. 
contacts which were also unlimited, to achieve these results. The Nobel Prize for 
Physics which he received in 1979 gave him a status that also helped him to 
achieve the expansion and which he used very much in order to get the 
expansion. Because of its instant success and a pressing demand, the Centre. 
launched programs into new disciplines; mathematics in 1970, atomic molecular: 
and laser physics in 1973, geophysics in 1975, and many others became regular - 
features of the activities here. 
The IAEA was responsible for the operation of the Centre from the outset:, : 
But from 1970 and onwards, UNESCO, which provided fellowships from the: : 
very beginning of the Centre, joined the IAEA in this responsibility. As the: . 
scientific programs of the ICTP came to cover much more than the fields which’ 
fell within the mandate of the IAEA, and as UNESCO has a broader mandate’. 
than we do, the administrative and financial responsibility was turned over to. 
UNESCO in 1996. 
However, I can assure you that the [AEA has continued to support the 
Centre, very much so, with money, particularly those programs which are: 
relevant to its mandate. There are still courses run in cooperation with us — I saw. 
one on the list for the coming year. Indeed at the IAEA we believe that the’ 
Centre has helped to strengthen also the image of the Agency as an organization; 
which although often operating in fields, which are highly politically charged, i 
engaged in and remains faithful to, and respectful of science. 


During my sixteen years as Director General of the International Atomic: 
Energy Agency, which will end next Friday, I have had many opportunities tc 
meet Abdus Salam in Trieste and in Vienna and for admiring his brilliant: 
intelligence, his innovative way of attacking problems, and his unyielding energy. 
and impatience with red tape. Abdus had a passion for the progress of the less 
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privileged countries in the world. His constant message was that these countries 
must develop their own science and capacity in science. He himself helped 
greatly to achieve that. Let me also note that Abdus’ thoughts did not focus only 
on equations and scientific formulas. He was also warmly a religious man with a 
strong sense of moral duty. 

I want to use this occasion also to express the appreciation of the LAEA for 
the constant and generous support of the Italian government to the financial and 
other needs of the ICTP. And my thanks go as well to the authorities in Trieste 
for all their help and their generosity in providing the splendid buildings which — 
constitute the “Campus of Miramare”. Trieste and Italy were unique in offering, 
during the cold war, a serene oasis for East-West and North-South cooperation in 
science. Happily the cold war is over, but the oasis providing the clear stream of 
science is as needed as ever. 

Abdus Salam is a great man of contemporary physics. He belongs to the 
history of Trieste and to the annals of the United Nations. With his passing away, 
a chapter of the Centre’s history was closed and another opened with new 
challenges. 


69.19 “Bridging the Gap Between North and South” by Dr. Adnan 
Badran, Deputy Director-General, UNESCO, Paris. 


Professor Abdus Salam, the Nobel Laureate, was a humble natural scientist 
from a developing country who was passionately in love with the ideals and the 
vision of the United Nations for creating a better world based on justice, human 
rights and democracy by bringing together those who “have the knowledge” and 
those who “have not”. 

I came to Know Professor Abdus Salam very closely in 1980 when I invited 
him to address the first graduation class of my University, in Jordan, and to 
receive an honorary doctorate. I remember Professor Salam’s words in his 
address to the graduates: “The globe of ours is divided into two distinct human 
beings: one quarter of mankind who exploits 80% of the world’s natural 
resources, while three quarters are still developing humans called ‘Les 
Miserables’ living on three fifths of the globe. What distinguishes one type from 
the other is not a genetic character — both stem from mother nature DNA — but 
they differ in their level of mastery of knowledge — science and technology — and 
its utilization for economic and social development.” 

Professor Salam had always been aware of the danger caused by the disparity 
between North and South and he knew that peace cannot flourish in our global 
village without analyzing the global crisis and the inequalities between the rich 
and the poor. Alleviation of poverty by deeds and not by words was continually 
in his mind to bridge the gap in humanity. The most important item on his agenda 
was capacity building in science and technology in the Third World that would 
allow to fill the breach in knowledge, to optimize international cooperation, to 
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eradicate illiteracy in science, to mobilize resources for fighting — the 
marginalization of the scientists from the South and to bring the science of the 
Third World in the main stream. 

To this end, he created the International Centre for Theoretical Physic 
(ICTP) as a model to bridge the gap in theoretical physics, applied mathematic; 
and other fields of science between the North and the South; the Third World 
Network of Scientific Organizations (TWNSO), a network among centers of 
excellence in the South for overcoming seclusion and exclusions; and the Thir 
World Academy of Sciences (TWAS), of which I am honored to be Secretary. 
General. 
Knowledge is what the inquisitive mind discovers at the laboratory bench or. 
in the field. To disseminate knowledge is to empower the minds of men so that: 
they can apply it to peaceful use. This is the real formula for human development: 
and eventually the main component of the agenda of peace and development for: 
the future of humanity, To alleviate poverty, it is essential to develop the. 
indigenous capacity of the South so as to overcome disparity and conflicts: 
between “infos” and “infos not”. With knowledge, poverty will be mitigated, and’: 
peace will be achieved. Empowering people with frontier areas of knowledg 
through sharing and caring will create a harmonious world, where 
interdependence through international and multilateral cooperation become a 
mode of action for the development of world society based on justice, human ° 
rights and democracy. ae 

“T had two passions in my life,” said Abdus Salam, “one for the basic forces, . 
of matter at Imperial College, London, and the other for building a ‘science. 
transfer’ to developing countries. I have been able to create at Trieste — under the = 
auspices of the United Nations, the International Atomic Energy Agency (IAEA). = 
and the United Nations Educational, Scientific and Cultural Organization. 
(UNESCO), and with the generous help of the Italian Government — a Centre (the : 
ICTP) for thousands of young physicists and mathematicians who come every.” 
year from the Third World to interact and get trained in the North. It is crucial =. 
that developing countries invest in science for a brighter future to their societies.” 


Professor Abdus Salam described his schooling days in a typical Third World ae 
context as follows: “When I was at school in 1936 in Jhang in Pakistan, L 
remember the teacher giving us a lecture on basic forces in nature. He began with.» 
gravity. Of course, we all had heard of it in our town Jhang. Then he went on to’ 
say that there is a force called electricity but it does not live in our town; it lives’ 
in the capital city Lahore a hundred miles to the East. Then the teacher said: we we 
just heard of a nuclear force but that only exists in Europe.” 

Once upon a time Professor Salam was a victim of this disparity. He then. 
wrote: “When I returned home, I was ‘the only theoretical physicist in the. 
country, I had no one in my vicinity to talk to, to discuss or to share ideas with.. 
The academic climate was not stimulating at all. After three years, I realized that 
staying any longer would not make sense. My work would deteriorate, the: 
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harvest of achievements in physics would go to waste and I would be of no use to 
my country. I reluctantly decided to return to Cambridge.” Professor Salam had 
come to realize the inevitable: scarcity of resources and isolation were the 
fundamental causes of the growing migration of scientists from the developing 
countries to the industrialized world. 

He made the comparison of the scientific manpower and he noted in 1990: 
“There were 3,600 scientists/engineers per million population in the 
industrialized world. In Israel and Japan the figure was 5,500. But when we look 
at the Third World, there were only two hundred scientists/engineers per million 
population. So, the critical mass is lacking. Adult illiteracy is a major obstacle of 
scientific and technological development. There are 850 million illiterates in the 
world, most, if not all of them, in developing countries.” 

Nobel Laureates are produced in the laboratories of the West. Those from the 
Third World who succeeded have made it while working in the laboratories of 
the industrialized countries. Basic research and higher education have been 
established to generate knowledge and to train technologists to integrate 
knowledge from various disciplines in the development and use of complex | 
technological systems and to identify practical problems, the solution to which 
requires more fundamental scientific understanding. 

Out of the sixty-one million students in the world, 2% are in foreign 
countries. Of these, 70% come from developing countries. Sub-Sahara Africa 
provides the largest contingent (14%). Eighty percent of Ph.D. students from the 
Arab region study abroad in science and technology. The United States receive 
over one-third of all students studying abroad (1990) which amounts to nearly 
3% of all students in the country. There is an even greater proportion of post- 
graduate students in the USA from abroad: 28% of all graduate science students 
and 47% of engineering students. Yet, few Americans study abroad — less than 
25,000 (1990). In front of these figures, Professor Salam always maintained: 
“Brain drain can be converted to brain gain if the scientists of the Diaspora plant 
their roots in more fertile soils abroad while some of the branches shed their fruit 
in the mother land.” 


The passing away of Professor Salam will be profoundly felt by the whole 
scientific community, particularly those of the South. He strongly believed that 
science education lies at the heart of all development and unless the Third World 
builds its own capacity in science and technology, it will not be free. Therefore, 
science and mathematics education should be given priority for the individual 
training throughout schooling up to training in fundamental research. 

To conclude, I wish to evoke Professor Salam’s exemplary vision which is 
reflected in his own words: “Scientific thought is the common heritage of 
mankind.” 
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69.20 “Uniting Third World Scientists and Their Organizations” 
Dr. Mohamed H.A. Hassan, Executive Director, Third World 
Academy of Sciences (TWAS), Secretary General, Third Worl 
Network of Scientific Organizations (TWNSO). : 


Unify, unite, join, organize, network, mobilize — these are the words tha 
characterized the life and work of Professor Abdus Salam, both as a physicist and’ 
a promoter of science and technology in the developing world. ae: 

The foundation of the Third World Academy of Sciences (TWAS) was a a 
result of his intense passion to mobilize and unite the most distinguished’. 
scientists from the Third World for the purpose of promoting scientific es 
excellence and utilizing it for the benefit of the South. 2 

It all began in October 1981 when Salam was attending the general meeting =| 
of the Pontifical Academy of Sciences in Rome. He and eight Pontifical © a 
Academy members from developing countries discussed his proposal of .) 
establishing an academy involving the most distinguished leaders of science in - ; 
the South. They all agreed on a joint memorandum and the dream was left to ~~ 
Salam to transform into reality. He first started by identifying the most eminent — 
scientists from the Third World who had already attained international ~ 
recognition and invited them to become Founding Members. In March 1983, 1 
received a letter from Salam inviting me to spend six months at the ICTP to assist 
in various matters, including the organization of the foundation meeting of ©. 
TWAS. Since then, I had the great honor, privilege and good fortune of being 
closely associated with Professor Salam for a period of over twelve years. 
Working with Professor Salam was a thrilling and fascinating experience. It was 
difficult to catch up with him at times, as he was constantly innovative; but 
always exciting, stimulating and educational and I cherished every moment of it. _ 

The foundation meeting was successfully held in Trieste in November 1983 .. 
and Professor Salam was unanimously elected as Founding President of the — 
Academy. The Founding Members were forty-one (including all the Nobel .. 
Laureates in science of Third World origin). 

A generous grant of US$ 1.5 million from the Italian Ministry of Foreign = - 
Affairs enabled Salam to organize a major conference in Trieste in 1985 to 
launch the Academy’ s programs. He invited the Secretary General of the United : 
Nations to inaugurate the event in July 1985. a 

Within a short span of time, Professor Salam transformed TWAS into a 
world-wide premier organization that gives recognition to the outstanding 
achievements of Third World scientists, that supports and encourages the pursuit | 
of scientific excellence in the South and that promotes South-South cooperation »:: 
between individuals and centers of scientific excellence. ‘ 


The next substantial step undertaken by Salam in his untiring efforts to 
improve the status of science and technology in the South was the establishment is 
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in Trieste in 1988 of the Third World Network of Scientific Organizations 
(TWNSO). Through TWNSO, Salam united the leading scientific organizations 
in the South, including national academies, research councils and ministries 
responsible for science and technology. This ingenious initiative enabled TWAS 
to have a strong and effective political arm in developing countries and to 
address broader issues related to government funding for science and technology 
and science policy and management. 


In conjunction with the 1988 TWNSO meeting, an important meeting of 
Third World women scientists was also organized by TWAS which led to the 
establishment of the Third World Organization for Women in Science 
(TWOWS). The President of this organization, Professor Lydia P. Makhubu, 
present here today, will tell you more about TWOWS later. 

But it had always been the political will and political commitment by the 
leaders in the South to support science and technology that Professor Salam 
considered most crucial. He wrote in one of his articles: “It is a political decision 
on the part of those (principally from the South) who decide on the destiny of 
developing humanity if they will take steps to let ‘Les Miserables’ create, master 
and utilize modern science and technology.” 


In 1989, the former President of Tanzania, Dr. Julius Nyerere, invited 
Professor Salam to become a member of the South Commission which was 
established by the G-77 under his chairmanship. Although be was the only 
scientist in the Commission, Salam was able to get the message of science and 
technology included in almost every chapter of the celebrated Commission’s 
report published in 1990. In a message sent to TWAS last year, President 
Nyerere wrote: “Abdus Salam was a very special human being, who combined a 
commitment to pushing forward the frontiers of science with a deep sense of 
responsibility to the countries and people of the developing countries. The South 
Commission Report would have been very different — and much less useful — 
without his contributions to the many discussions held and his constant 
reiteration of the importance of promoting the development of Science and 
Technology within developing countries.” 


In 1990, Salam became fascinated by the Consultative Group on 
International Agricultural Research (CGIAR) network of about sixteen 
international centers in agricultural sciences located in different countries in the 
South, and supported by the World Bank and a group of international funding 
organizations with an annual budget of about US$ 300 million. He developed a 
project to set up a similar network of twenty international centers of excellence in 
various fields of applied science, technology and environment modeled on the 
ICTP. “if we can have such a network of international centers of excellence 
established in Third World countries, we will not only be able to stop the massive 
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exodus of scientific talent to the North but also link science and technology: 
production sectors,” he said. 

In 1991, I accompanied Professor Salam to the World Bank where he tried f 
“sell” his twenty centers project to the hard-line economists who, with thei 
short-term adjustment policies, were hardly sympathetic to Professor Salam’: 
long-term vision of science-led development. He was advised, however, by the 
Bank officials that he should scek the support of the heads of governments an 
ministers of finance in the South for this project. That prompted Salam t 
mobilize the political leadership in developing countries under “a commission 0 
heads of state or government in the South” to support his project. The 
Commission (named COMSATS) was formed in 1992/93, and nineteen heads o 
state or government agreed to join it. Professor Salam invited the Prime Ministe 
of Pakistan (his own country) to chair the Commission and organize its first: 
meeting. The meeting was successfully held in 1994; but unfortunately, Salam 
was not well enough to travel to Islamabad to attend it. The meeting, however’, 
paid a very special tribute to him and to what he had done for the Third World. It. 
endorsed Professor Salam’s project of twenty centers and agreed to establish the. 
Commission’s secretariat in Islamabad, with an initial endowment of US$ one. 
million donated by the government of Pakistan. 

Salam’s last endeavor before he became ill was to bring the economists and. 
the ministers of finance and planning on board his science-driven development 
ship. “When it comes to the allocation of funds for science and technology, the. 
ministers of finance and planning are most important, even more important than: 
heads of government in many of our countries,” be once said to me and his old 
friend Augustin Papic of Yugoslavia. 

In April 1992, Professor Salam, Dr. Emmerij, the eminent economist and 
former president of the OECD Development Centre, and Ambassador Papic 
convened a meeting in Trieste involving a number of internationally renowned 
economists and an equal number of leading scientists to address what Salam 
called “the missing links between scientists and economists”. In his opening. 
speech he said: “During the course of our discussion on the issue, Papic and I 
asked the question of who were the enemies preventing the use of science and 
technology to achieve development in the South. We concluded that there were. 
two of them. The first were the economists and the second were the scientists: 
themselves, who were not their own friends. We blamed the economists and. 
planners for not paying attention to long-term science-led development policies: 
and we equally blamed the leading scientists for not trying hard enough to 
understand the economists and to get involved in solving practical problems. 
new strong alliance between these two breeds is necessary,” he concluded. : 
_ [just gave you a quick overview of the remarkable contributions made by 
this legendary figure, Abdus Salam, to the organization, development and 
utilization of science for the benefit of the Third World over a short period of te’ 
years (1983-1992). ‘The best tribute we can pay to his memory today, one ye 
after his passing away, is to strive to fulfill the aims of the three monuments he 
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has bequeathed to us: ICTP, TWAS, and TWNSO, and to ensure that his tireless 
efforts of empowering the poor with knowledge, science and technology to 
enable them to overcome chronic developmental problems and further 
marginalization will be continued. 


69.21 “Third World Women Scientists” by Dr. Lydia Makhubu, 
President, Third World Organization for Women in Science. 


I had heard of Professor Abdus Salam long before the October 1988 
Conference on the Role of Women in the Development of Science and 
Technology in the Third World which was convened in Trieste by the Canadian 
International Development Agency (CIDA) and the Third World Academy of 
Sciences (TWAS). This conference was a landmark event which was attended by 
some two hundred and fifty of the most outstanding women scientists of the 
Third World and by two women Nobel Laureates, Professor Dorothy Hodgkin 
and Professor Rita Levi-Montalcini from the North, It was at that meeting that I 
had the privilege and honor to meet and hear Professor Salam express in simple 
and even anecdotal but convincing language the idea of forming an association 
for Third World women scientists. He gave a brief account of the origin of the. 
idea from Ronald Leger, then Director of the International NGO Division of 
CIDA, and how his idea was subsequently adopted at the TWAS bi-annual 
meeting in Beijing in 1987. 

In his address, Professor Salam narrated his personal encounter and 
experience with the dilemma of women in science when his brilliant daughter, 
Dr, Aziza Rahman, obtained a Ph.D. degree in Biochemistry from the University 
of London and went on to do research at the Cancer Institute of Columbia 
University in New York. What began as a brilliant scientific career for Dr. 
Rahman was subsequently interrupted by marriage when she selected to raise her 
family rather than continue as a scientist. This, ladies and gentlemen, is a typical 
story for women in science and those in academia — women aspiring to 
intellectual leadership in the Third World and elsewhere in the world. 

Ladies and gentlemen, I do not regard this typical story as a sad story, but 
rather as one which highlights the important role of women in human 
development, social stability and cohesion, without which societies would 
crumble. 


In suggesting the formation of an assocation of women scientists in the Third 
World, Professor Salam and others like him were secking ways of enabling 
women to accommodate their crucial social responsibilities without depriving 
humanity of what I believe is a unique contribution to science that only women 
can give. There have been diverse opinions regarding the potential contribution 
of women in giving direction and emphasis to the international scientific 
endeavor. Some have felt that male domination of science and technology has 
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resulted in the devotion of resources to scientific research related to milit 
superiority rather than to areas such as the environment, food production, 
population and other spheres related to the improvement of the quality of life of 
the majority of people, especially in the Third World. They also have strongly 
posited that greater involvement of women would lead to enhanced emphasis on 
the use of science to address basic needs of humankind. Whatever position is: 
expressed, there can be no doubt that humanity is poorer with the gross under- 
representation of women in scientific activities. That women constitute slightly 
over fifty percent of the human population is indicative of nature’s balance which: 
should be reflected in all human endeavors that affect all aspects of human life in. 
a far reaching and fundamental manner. 

The Third World Organization for Women in Science (TWOWS) was a-. 
product of these. considerations. Its overall objective is to promote the - 
participation of women in the scientific and technological development of their’. 
countries, with specific reference to linking high-level scientific activities to. 
grassroots concerns. : 


Professor Abdus Saiam was a Nobel Laureate in physics, an area in which - 
women are often grossly under-represented. This did not deter his sharp mind 
from appreciating the need to help women transcend socio-cultural barriers and - 
join the international scientific community. His support for TWOWS was clearly 
evident at its founding in 1989 and has remained steadfast over the years. TWAS 
has fully supported TWOWS, thus enabling it to run a credible program that has 
attracted the participation of women scientists from all parts of the world. 


The women scientists of the Third World honor Abdus Salam’s memory. We -- 
salute him for his foresight and dedication to the advancement of science and 
technology in the Third World and for his deep concern for their application and . 
effective use in order to improve the quality of human life. His ideas on this. 
subject will remain a crucial cornerstone in all endeavors by women scientists to 
participate fully in the advancement of science and, more so, in those scientific 
pursuits which aim at improving the lot of humankind. . 


69.22 “Abdus Salam’s Cosmic Anger” by Nigel Calder, Science. 
Writer, UK. 


In my many encounters with Abdus Salam as a science writer, I remember : 
him as a patient teacher of stupid journalists. I recall that at Geneva in 1958 h 
took time off from a busy United Nations conference to explain parity violation: 
to me, over a cup of coffee. At a more Critical time, in 1976, I was doing a big:: 
program about particle physics for the BBC and other broadcasters, and I was in. 
a fix. I had sold this idea to the broadcasters and I didn’t understand the subject... 
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A science writer cannot explain science to the general public unless he or she 
grasps the concepts fairly deeply. 

Fortunately Salam was in London; unfortunately he was extremely busy. “T 
can have a quick lunch with you,” he said. So in the senior common room at 
Imperial College I tried to extract from him an understanding of what we now 
call the electro-weak force. Over coffee, we still were not getting very far, and 
Salam went to make a phone call. He came back and said: “Now I have some 
more time.” 

We went round the course again and again. It was about half past three in the 
afternoon and J wasn’t getting there, although I desperately needed to understand. 
Thave a vivid memory of saying to him: “Yes, you say that a photon can turn into 
an electron and a positron ...” and he said: “No! I say a photon IS an electron and 
a positron.” At that moment the scales dropped from my eyes and at last [ 
understood what he was driving at. 


We have heard many key words today about Salam: about his laughter, and 
the delight that surrounded him, about his generosity, about his passion and his 
power. I want to offer you another word which goes deep, I think, into his 
personality, and that is his anger. 

J often saw him angry. I don’t mean in a petty sense of getting cross with 
somebody who had annoyed him. I mean a sort of cosmic anger. He was, for 
example, deeply proud of medieval Islamic science, but angry about the way it 
had declined, and about how difficult it was to revive. He had a special anger for 
world poverty. He would put down a newspaper and almost shout at me about the 
wickedness of the terms of trade that were turning adversely against the Third 
World, and were thereby wiping out everything that was being given by way of 
aid and technical assistance. 

Salam knew that it was an accident of history that, in the 17th century, the 
scientific revolution occurred in Europe. And in the 18th century the industrial 
revolution also took place in Europe, with the consequent division of the world 
into two. In 1991, Salam said at a conference of the International Council of 
Scientific Unions: “I have long maintained that this globe of ours is inhabited by 
two distinct species of human beings; the developed and the developing, the rich 
and the poor. What distinguishes one type of human from the other is the 
ambition, the power, the élan, which basically stems from their differing mastery 
and utilization of present day science and technology.” 

He often said: “We know the world has enough resources, technical, 
scientific and material, to eliminate poverty, disease and death for the whole 
human race.” In 1964, when I was editing New Scientists, I invited one hundred 
leading scientists and scholars from around the world to cast their minds twenty 
years forward. Was science leading us towards heaven or hell? One of the very 
first replies that I published was from Salam, and he took a rather pessimistic 
view. He thought that the big divide that he saw would continue, as indeed it did. 
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He also wrote this: “Never in the history of mankind has a change happened 
all at once. The one great change of the first half of the century, the passing of 
the colonial age, was the culmination of fifty years of crusading. In most places it: 
started with a few men whose passionate fury first overwhelmed their own: : 
peoples and then succeeded in rousing the liberal conscience of their captors, 
bringing home to them also the utter economic futility of holding down an = 
unwilling people. This is the normal process of change.” ws 

Salam continued: “What makes me worried is that no such thing has yet : . 
happened in the underdeveloped world as far as the harder crusade against © 
poverty is concerned. And in the few places where realization has come, it has. 
not been purposeful enough yet to bring down the internal social and... 
organizational barriers, nor to be able to defy external pressures. In the next as 
twenty years I trust this crusade will come to be preached with the fury it.» 
deserves.” a 

You will understand from his prose why he was torn at one ‘time between | 
following a career in science or a career in English. And Salam’s sense of history 
gave him his cosmic patience, in contrast with his superficial impatience in 
everyday matters. ye 


How can we express his fury about the division of the world in a modern, . 
practical fashion? All of us in this room know what he did. We are celebrating 
him and we know his spirit lives. Among physicists world-wide, his memory i 
well preserved; also in Pakistan where so many turned out for his funeral. Bu 
amid our euphoria, and our happiness in remembering his achievements, don’t * 
forget this. If you asked an ordinary person in the street, in London, or Berlin, or’... 
San Francisco, or Rio de Janeiro, or Accra, or Jakarta, “Who was Abdus Salam?" ag 
they wouldn’t know. bell 

What can we do about that? Salam was a romantic and I am a romantic. re 
believe that human beings by taking thought can change the world. Let me». 
mention another romantic story. Marie Curie came from Poland, which was not: 
renowned for its science at the time. She became a world-famous scientist and... 
won the Nobel Prize earlier in this century. I am sure that Lydia Makhubu will . 
agree that the example of Marie Curie was an inspiration to young women in» 
many countries to dare to become scientists in a male-dominated profession; Be 
Dorothy Hodgkin, for example, was mentioned. a 


That leads me towards my main point. Professor Bambah and Professo: 
Durrani have spoken of the childhood and adolescence of Salam in Jhang an 
Lahore. Professor Badran told of the amazement that someone from the Thir 
World should win the Nobel Prize in physics. Here is a wonderfully romanti 
story of a young lad in a turban from a market town in the Punjab, that nobod: 
had ever heard of, who became a leader of physics and faced up to politicians a: 
a champion of the world’s poor. He wore the same kind of turban as he had worn 
as a child, to collect his Nobel Prize from the King of Sweden. 
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The thought I want to leave you with is that his story should be told to every 
child in the Third World. As a professional communicator I don’t know what the 
ideal means would be. Perhaps a book in strip-cartoon format which could be 
translated into many languages, perhaps a film or a video. But the story will 
inspire young people with the idea that, wherever they come from in the world, 
they too can make careers in science — or indeed in any other profession at 
present dominated by the rich countries, 


69.23 “Salam as I Knew Him” by Munir Ahmad Khan, Former 
Chairman, Pakistan Atomic Energy Commission, Islamabad. 


It is a matter of great honor for me to be invited this afternoon to join in 
paying a tribute to Professor Abdus Salam both as a Pakistani and a friend of 
Salam. I feel proud and grateful that you have decided to rename the Centre as a 
living monument to his memory. While the Centre was conceived by Salam it 
would not have succeeded without the generous and continuing support of the 
Italian government, the International Atomic Energy Agency, United Nations 
Educational Scientific and Cultural Organization, and the collaboration of the 
Physics community and friends around the world. They all deserve our sincere 
gratitude. 

We have already heard about his remarkable achievements. He was a 
monumental figure of our time who operated at the world stage in different roles. 
He was not only a scientist but a visionary who conceived and built great 
institutions and temples of science; a patriot who served his country well; a 
servant of the Third World who infused a spirit of confidence and hope among 
the scientists of the developing countries; and above all a true cosmopolitan who 
brought North and South and East and West closer together. So many around the 
world owe so much to him that we cannot repay our debt to him. I shall not 
repeat what my distinguished friends have already said before but I shall touch 
upon a few aspects of his life that I knew something about. 


I met Salam as a contemporary at the Government College, Lahore, in 1942. 
I could have met him four years earlier in the Central Model School, Lahore. 
However, after having been selected for admission, the headmaster quietly 
advised his father to take him back to Jhang because the boy was wearing a red 
Fez, cap and the other students might make fun of him. It was an advice, which 
the headmaster lived to regret. He was already a legend for his academic 
achievements when he came to the Government College, Lahore. We fought the 
College Union elections together in 1945 but he won as President and I lost as 
Secretary. He also became the Editor-in-Chief of the College magazine. He was a 
rare combination of literary and scientific talents. 

It seemed that fate was guiding his career for he nearly got derailed on many 
occasions. Having stood first in English and Mathematics his tutor wanted him to 
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become an English teacher. But I suspect he felt that he could play chess better 
by sticking to Mathematics. In those days of the British Raj the highest aspiration: 
of a young man was to become a civil servant in His Majesty’s Service. He 
nearly got into the Indian State Railways but fortunately failed the medical test... 
The fact that he wore spectacles from an early age also saved him from becoming 
an engineer and saved the Railways because he was no mechanical genius. His 
father wanted him to join the famous Indian Civil Service. In 1946, he was one 
year too young to compete. His admission into Cambridge was also a happy 
accident. His father who was a senior clerk in the education department in Jhang 
was too poor to send him abroad but Salam won the “Peasants Scholarship” and 
his admission at Cambridge took place at the last minute because of an 
unexpected vacancy at St. John’s College under Professor Paul Dirac. He sailed 
for Cambridge from Bombay in September 1946 after escaping arrest as a 
suspected deserter from the Navy even though he had never seen the ocean 
before. The ship, which carried him had six hundred Italian prisoners of war. 
going back home. This perhaps accounts for his affinity for Italy and its cuisine. 
When he landed at Liverpool on a cold morning he was shivering. Sir Zafarulla 
Khan, his mentor, was there to rescue him and lent him an overcoat. In those ~: 
days, Cambridge had no central heating and he acquired the habit of being * 
overdressed all the time. This explains why we often saw him wearing a topcoat 
even in the summer because he was perpetually cold. 
For a boy from Jhang who had not seen electricity until his teen years, 
Cambridge demanded great adjustment. He did it by wrestling day and night with — 
mathematical problems. He finished his Tripos in two instead of three years. ° 
Professor Fred Hoyle advised him to spend a year at Cavendish Lab to do some |: 
experimental physics. But he had no patience for labwork as his hands could not - 
keep up with his imagination. After graduating he made a brief trip to Pakistan. 
and got his “Peasant Scholarship” renewed at Cambridge. 7 
While doing his Ph.D. another happy accident occurred. When he was : 
challenged to solve an intractable problem within one year, which had defied 
such great minds as Dirac and Feynman, he found a solution for renormalization - 
of Meson Theory within six months. From then on he caught the fancy of such. - 
great men as Dirac, Bethe and Oppenheimer. Upon his return to Pakistan as a 
famous scientist he was rewarded by being made Head of the Mathematics 
Department at the Government College and President of the Football Club at the 
same time. He soon found that the two did not mix well and the situation was 


physics and this “forced” isolation choked his genivs. Although he loved 
Pakistan he could not live a life of physics there. This inner struggle left a deep 
imprint on him. Later on in his life he could relate himself fully to the anguish of 
isolation, which stifled the flowering of many gifted scientists of the Third World 
who could not grow because they were unable to interact freely with active 
research centers and felt left out. He became more troubled after the communal 
disturbances in Lahore in 1953 in which his religious community was targeted. 
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Under those circumstances he felt he could not resist an offer of being a lecturer 
at Cambridge. Although he left his homeland for good in 1954, his heart always 
belonged to Pakistan. 


Salam and I were out of touch between 1951 and 1958 when I was in the 
United States. But we resumed our association when J joined the International 
Atomic Energy Agency in 1958. We found we had many things in common. But 
unlike him my first love was not Theoretical Physics or even Mathematics. He 
regarded nuclear fission and nuclear power as passé. However, we had a common 
interest in the development of Science and Technology in Pakistan and the Third 
World. Also, he wanted someone to talk to in Punjabi to share his vision of a 
grand design to rescue science in the developing world; his hopes and fears and 
his disappointments and frustrations at not being appreciated at home and even 
rejected by those he loved most. 


One morning in September 1960 he came to my office in Vienna lamenting 
the fact that the Agency was not doing enough for the developing countries, He 
said he had a wonderful idea to set up a Centre for Theoretical Physics under the 
IAEA. It would cost very little — just pencil and paper but could be a meeting 
place for the East and the West and help break the isolation of physicists in the 
developing countries. He wanted to see someone in the Agency to push this idea 
further. I called up Prof. Seligman, Head of the Research Department in the 
Agency and he asked me, “Who is Professor Salam?” When I told him that 
Salam was the youngest Fellow of the Royal Society and a Professor at the 
Imperial College his tune changed. Later, Salam and Seligman became good 
friends but poor Seligman could not live down his faux pas for the next thirty 
years. Salam made his proposal for the establishment of the Centre of Theoretical 
Physics before the General Conference but met with strong resistance from the 
advanced countries. The Agency’s Scientific Advisory Committee, which 
included Nobel laureates like Rabi, unanimously opposed the idea. But Salam 
was not willing to give up. He marshaled the support of the leading theoretical 
physicists from all over the world. Dr. Eklund, Director General of the Agency, 
supported him. Finally, the Board of Governors and the General Conference 
overruled the Scientific Advisory Committee. That is how ICTP came into being. 


T remember the day he came to Vienna to plead for his Centre before the 
Board. He landed at the airport dressed in his topcoat and a canvas hat which was 
not only discolored but rumpled out of shape. I was horrified to see him in that 
attire. I persuaded him to take his coat and hat off which I deposited in the trunk 
of the car. Between the airport and the Bristol Hotel I managed to make the hat 
disappear. When he reached his hotel room he started looking for his hat. I 
carried out what appeared to be a strenuous search. Then I reminded him that he 
had to rush to the Board meeting and the search for the hat could be resumed 
later on. He accepted the logic of my suggestion. He was very eloquent before 
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the Board. At the end of the debate Prof. Smythe of Princeton University, who. 
was on the Governing Board, remarked: “A large number of member states 
support the ICTP. So does Prof. Salam — and he is equal to several member. ~ 
states.” There was laughter. The issue was clinched and the Centre formally: 

approved in 1964. a 


Salam was a deeply religious man who saw no contradiction between science 
and religion. He believed that the pursuit of knowledge was a form of prayer, and 
God enjoined upon His followers to seek knowledge and discover the secrets of - 
Creation. Only one spirit permeated the entire Universe and held it together and « 
all forces emanated from the same source. That underlined his faith in the: 
eventual unification of all forces. But he believed that science should not be 
pursued for the sake of science alone. It had to be put to use in the service of... 
man, which represented the highest creation of God. He wanted to employ’ 
scientific knowledge for the uplift of humanity and for accelerating the economic ° 
and social development of the Third World. This explains why he expanded the 
role of the ICTP from theoretical physics to cover many applied fields as: 
computers, electronics, chemistry, energy, environment, biotechnology and so 
on. Today Trieste is fast becoming a Science City with numerous Institutes, 
which have sprung up around ICTP. 


Salam was not only a servant of science but a servant of the Third World. He 
awakened the developing countries to the crucial role that science had to play in - 
their development and survival. He fired the imagination of many Presidents and 
Heads of Government and policy makers throughout the world to build scientific: 
institutions. But his greatest legacy is the brainpower that he developed. « 
Thousands of scientists from the Third World have come to ICTP to be inspired . 
by his vision and go back charged with zeal and enthusiasm to light the torch of 
knowledge in their respective countries. As C.P. Snow said: “Few have done 
more for the talented poor and underprivileged of the Third world than Salam.” : 
In the difficult years of the Cold War he brought together the physicists from the 
East and the West to build a bridge of science, which served the world so well. 


Though Salam lived abroad, be rendered invaluable services to Pakistan in~ 
the development of science and technology and remained as the Chief Scientific. 
Advisor to the President and a member of the Pakistan Atomic Energy’ 
Commission for fourteen years. He guided us in building our atomic energy 
program from its very inception and helped in the setting up of the first research’: 
reactor and acquisition of the nuclear power plant at Karachi. He encouraged the’: 
Government to train scientists abroad, many of whom are present here as leaders: 
of Science in Pakistan. He was responsible for initiating our space researc 
program. He obtained help from abroad to solve water-logging and salinity’: 
problems in the country. He prepared a master plan for the promotion of science: 
and technology. He gave us the idea of starting the Nathiagali College on Physics’ 
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and Contemporary Needs, which has held meetings over the last twenty-five 
years. He very much wanted that we should establish a Centre for Physics in 
Pakistan, which would work closely with the ICTP. I hope we will translate his 
dream into reality in the future. For us, Salam was an inspiration and a window to 
the world of science, which we have lost with his departure. 


I had the privilege of hosting Salam’s visits to Pakistan over a period of 
about fifteen years, which included calls on our Presidents and Prime Ministers 
where he pleaded the cause of Science. His ultimate desire was to retire in 
Pakistan and help build a new generation of young physicists in the universities. 
He remained a Pakistani until the very end. When he went to receive the Nobel 
Prize in Stockholm he made sure that he was dressed in his native costame 
including the golden ‘khusa’ shoes and a village turban. Incidentally, he had 
forgotten how to tie his turban. The curious work of art reflected in his headgear 
at the Nobel ceremony was the creation of the cook of the Ambassador. But he 
wanted to underline the fact that he had not forgotten his roats and was proud of 
his rural background of a backward town of a developing country. 


My last detailed meeting with Salam was in 1992 at Trieste. His health had 
started to fail. I remember that he insisted on climbing the stairs to his villa 
unaided. The following day he made breakfast for me, which we ate in the 
kitchen while he talked about the future. He said he was working on applying the 
principles of physics and mathematics to biology for explaining the structure of a 
molecule. He was not satisfied with unifying two of the four elementary forces. 
He was developing a new hypothesis about the origins of homochirality of life on 
Earth. If he had lived longer he would have contributed more to our knowledge 
about the origin of life and how its character was determined by interaction of 
weak forces, which violate parity. 


I saw him only three months before his death at his residence in Oxford. [ 
told him how we had celebrated his 70th birthday in January 1996 and the 
tributes, which were paid to him throughout Pakistan. He listened to me but did 
not respond. He just stared at me as if he had risen above praise. As I departed he 
pressed my hand feebly as if to ask me to convey his thanks to all those who had 
said kind words about him. 


People often ask me, “Will Pakistan produce another Salam?” I do not know 
whether this will happen or not but one thing I am sure about: From among the 
thousands of young scientists whom he had inspired through their visits to Trieste 
and by his exhortations around the world there will be many who will follow his 
path. I believe that in the next century some new Nobel laureates will come from 
the Third World as disciples of Salam. 


Science for Peace and Progress 


Salam was a colorful and complex man with many personalities in one. He: 
had many pursuits, passions, and interests. He was both a visionary and a builder. 
His life’s work can be summed up in one couplet of the Poet of the East’ 
Muhammad Iqbal who said: 

Your world is not the world 

of bricks and stones you see around, 
Your world is the one 

which you create yourself. 


Professor Salam certainly created a world of his own full of cities of science . 
with citadels of learning where thousands of devotees come year after year to : 
discover the secrets of Nature. This Abdus Salam ICTP is but one manifestation 
of the New World, which Salam created. 


69.24 “Servant of Peace” by Dr. Asghar Qadir, Quaid-i-Azam 
University, Islamabad, Pakistan. 


Abdus Salam — Servant of Peace. That was his name and that was his life. He 
dedicated it to the improvement of the Third World. His vision — a new paradigm 
for development -- that science and its concomitant technology will alleviate the 
lot of the under-privileged nations by allowing them to leap-frog straight from 
the nineteenth to the twenty-first century. Not that he was a dreamer who 
expected there to be development without competition. He realized the 
importance of competition in pushing development forward at a more rapid pace. 
He encouraged competition — not in the sense of conflict, but in the context of 
cooperation. To him evil flourished through ignorance and was to be fought to 
the bitter end by knowledge. Science was to dispel this evil from the world. To 
him the development of science was a responsibility of the whole world, not only 
of the Third World. According to him, we were not pulling our load. He took on 
the responsibility of trying to help the Third World to struggle out of the darkness 
of ignorance and shed the light of science to dispel its problems. 

Salam knew that he could not achieve his goal alone. He was perfectly ready 
to commandeer any and all people he could, to help him in his mission. He knew 
whom to request, whom to flatter into helping, whom to coax and cajole, whom 
to order and whom (like me) he could bully and brow-beat into domg what was 
needed. He demanded the impossible from his helpers in the enterprise of | 
developing science in the Third World, but invariably still more from himself. - 
His successes, like the Centre, are truly amazing, but he remained dissatisfied. 
There was always more to be done. His focus was not on what he had achieved, '. 
but on what remained to be done. I remember telling him very proudly of the 
development of my Department and his immediate response to that: “But what - 
are you doing for the rest of the country?” He realized that there can be no stable 
equilibrium in development. If one does not go up one must come down. Now 
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that he is no more, I myself can feel his sense of urgency about getting things 
done, 

Though Salam’s vision was for the Third World in general, he had a special 
soft corner for the Islamic World — and within that most of all for his homeland, 
Pakistan. He did what he could to motivate us Pakistanis to work for scientific 
development in Pakistan. I met him for the first time in 1964, when I went to the 
Physics Department of the Imperial College of Science and Technology (as it 
was then called) as an undergraduate freshman, and my career was greatly 
influenced by him and his advice. He was aware of the major problem of 
isolation faced by scientists in the Third World, and the enormous paucity of 
manpower there. He regarded it as imperative that Third World scientists 
diversify and cover more than one field, so as to reduce the problems of 
manpower shortage and isolation, This led to my pursuing research in physics, 
mathematics and economics, and in various areas in each of them. When I came 
to the ICTP for the first time in 1972 as a nearly fresh Ph.D. and a new faculty 
member at the Islamabad University (as it was then called), he told me. that it was 
my duty to see to it that other Pakistanis could benefit from it. I felt that it was 
unfair of him to ask that of me. How could someone so junior as I manage to 
make much of a difference? Following the usual plea of people in Pakistan, I said 
that he did not know how difficult it was to get anything done there, particularly 
for a non-entity like me. His answer was typical: “Do you think it was easy to 
build this Centre? Where do you think the money to run it comes from? Do you 
suppose it runs itself?” When I thought about it, I could see that it must have 
been well nigh impossible to convince the developed countries to support the 
Third World in developing basic science at the frontiers. It would be nearly as 
difficult to keep flowing the funds that enabled us to benefit from it. We did 
indeed have a responsibility to him to ensure adequate utilization of the Centre to 
provide him with the basis to continue to extract support from elsewhere. I still 
felt that too much was being asked of a mere non-entity like me. Of course, 
Salam did not leave me to manage it all on my own. He provided the support to 
make me less of a non-entity. I later went on to work actively for proper 
participation in ICTP activities by Pakistani scientists. From there, it was a short 
step to getting involved with working for the development of science in Pakistan 
(to what extent J could). 


When he received the Nobel Prize in 1979, he felt that he had won it, not for 
himself, but for the Third World. As such, he felt that he had no right to use the 
prize money for personal purposes but that it must be used to further his mission 
of development of science in the Third World. He especially put aside money to 
help Pakistan and Pakistani students. In 1980, he asked Professor Fayyazuddin, 
with my assistance, to formulate the rules and procedures for a prize to be 
awarded to young Pakistani scientists for their research in the basic sciences. Our 
suggestion was that the prize should be awarded annually by rotation for physics, 
chemistry, mathematics and biology to Pakistani nationals, normally resident in 
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Pakistan, below thirty-five years of age on December 31st of the year for which 
the prize was to be awarded. It was to consist of a certificate giving a citation and: 
a cash award of US $1,000. It was to be awarded on the basis of the collected: :: 
research and/or a technical essay written especially for the prize. (My idea, in | 
making the latter provision, was to allow for something like the Adams Prize as . 
well.) To manage the prize a committee was proposed, consisting of the two of us 
and Professor Riazuddin. This proposal was approved by Professor Salam. 
Unfortunately, Riaz and Fayyaz both left the country and I was left to manage it 
on my own. I took to myself the title of Secretary of the Salam Prize Committee 
and proceeded to “manage” it. The first prize was for physics for the year 1981. *. 
It was to be awarded at the end of the year and fortunately Professor Salam 


himself was available to present the prize to the winner. I had dubbed the prize a 


“The Abdus Salam Prize for Young Pakistani Scientists”. As could have been 
anticipated, Professor Salam protested against the name for the prize. (This was 
at the ceremony to award the prize.) I was prepared for that, and put it to him that 
it enhanced the value of the prize to be associated with his name. The matter was 


put to the house, which gave overwhelming support for my name for it. As such | 


it acquired that name then and has retained it since. 

The Salam Prize has acquired a very high reputation. We have had some very 
notable winners. Among them is one of the speakers at this meeting today, 
Professor Pervez Amirali Hoodbhoy of the Department of Physics, Quaid-i- 
Azam University. There is Professor Suhail Zuberi (for his work in quantum 
optics), Chairman of the Department of Electronics, Quaid-i-Azam University, 
and the recent prize winner in Mathematics, Dr. Naseer Shahzad, who shows 
immense promise. There have been many other Salam Prize winners who have 
also demonstrated their worth since receiving the prize. In fact, the prize acquired 
an international reputation and has been emulated outside Pakistan. I remember 
Professor Salam telling me about it one day with great pleasure. His appreciation 
of my efforts displayed at the time will always be one of my most cherished 
memories. 


Professor Gordon Feldman mentioned that some time before he received the 
Nobel Prize Salam had been referred to as “the next Einstein”. This was not an 
exaggeration. A scientist does not enter that special category to which Einstein 
belonged just on account of his contributions to his special field, but because he 
has had a greater impact — he has become a household word for people outside 
his own field. Of course, he must have made a major impact in his own field. No 
one can doubt that in Salam’s case. We have been hearing of the many 
contributions he has made to high energy physics. They started with his work on 
renormalization. Then he missed getting the Nobel Prize for his idea of parity 
non-conservation. He went on to the pioneering work on SU(3) for which he 
could easily have got the Nobel Prize. Though his early attempt at unification of 
internal and external symmetries SU(6,6) was not successful, it led to the idea of 
supersymmetry, which is one of the main driving ideas of modern high energy 
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physics. After Wess and Zumino presented their paper on supersymmetry, he and 
Strathdee wrote it in more easily usable terms. Many workers continue to use the 
formalism set up by Salam and Strathdee. His work on electroweak unification 
needs no comments. However, it is worth pointing out that the first published 
idea of Grand Unification is in the paper of Pati and Salam in 1972, as is the 
original suggestion of proton decay. Regardless of the outcome of the 
suggestions, it cannot be denied that these ideas have guided the development of 
high energy physics in recent times. In fact, I remember a talk by him on the 
morning of January 29, 1971, just before my Ph.D. viva voce examination in the 
afternoon, in which he mentioned the hope of unifying the strong with the weak 
and electromagnetic forces and finally incorporating gravity. Though he was 
thinking of SU(3) flavor instead of color, the basic idea was already there at that 
time, and has driven developments in fundamental physics ever since. All this, 
however, would not have made his name a household word. The impact of 
Einstein was felt through the philosophical implications of his work, and was 
later felt at Hiroshima and Nagasaki. That is not the impact of the Servant of 
Peace. Due to him, any number of scientists have been able to continue to work 
in the Third World and to maintain their contact with the latest developments in 
science, This has enabled those countries to bring up a new generation of much 
better educated scientists, who can maintain a hope of trying to catch up with the 
rest of the world. It is in this sense that he was the next Einstein. 


We, of the Third World, must re-dedicate ourselves to carry on the mission 
of Salam, to return to our home countries and with a fresh commitment pursue 
the dream of development through the development of science. We, of Pakistan, 
have lagged far behind in our attempts. We did not give enough recognition to 
Salam — but worse, we let him down in his mission. Now we need to work all the 
harder to bring a more measurable success to his attempts for the betterment of 
his home country. 


69.25 “Remaining Part of the World of Real Physics” by Dr. Igor 
Saavedra, Department of Physics, University of Chile. 


As we all know, Professor Salam was certainly more than just a 
distinguished, Nobel-class physicist. He was also a passionate standard bearer of 
Third World science and scientists, ICTP being a paradigm of this. Personally, I 
feel much indebted and grateful to him. Without his unfailing support it would 
have been impossible to start and help developing a theoretical physics 
establishment of international status in Chile. 

My professional relation with him extended for a number of years, having 
started when he was the external examiner for my Ph.D. thesis and, after the 
exam, he invited me to carry on my research work at his Theoretical Physics 
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Department, Imperial College, London, with a post-doctoral grant J had beer 
awarded. 

Later on, when my three-year grant was going to expire and I was 
completing five successive years in England (the first two as a student), I decided. 
that I should return to Chile to start a research activity in theoretical physics in 


my country. Professor Salam reacted indignantly to this. In harsh words he told --: 


me that the proper way to be successful in that endeavor was exactly the opposite —* 
one,.as he himself had previously done: to stay in the UK and get as high up as 
one could in the international physics establishment. Only then one would be 
able to effectively help young physics students in a developing country, as he 
was doing, oe 

We sharply disagreed, as I thought that it was my moral duty to return to help...» 


young physicists-to-be become professional researchers in theoretical physics, ce 


because at that time (being Chilean) I was the only one who could do it. 

I therefore went back to the truly “scientific wilderness” my country then 
was, and after less than two years I found myself (as a physicist) as a squashed 
lemon: I had nothing to teach concerning recent research results, I could only 
teach already-stale physics. I thought it was dishonest to carry on that way and 
-that I should give up and return to Europe. 

Then Professor Salam came to my rescue. He had succeeded in founding the 
ICTP and invited me to join him there. That was the beginning of my relationship 
with Trieste (and with Miramare later on) which was to last for many years, and 
my re-encounter with the stimulating air of the neighborhood of the frontiers of 
research. I started to return to ICTP every winter (the summer vacations for 
Chilean students) for three or four months each year, successively as a Visiting 
Scientist, an Associate and a Senior Associate of the Centre, all of them being 
schemes Professor Salam invented as years passed by to help people like me 
remain in the Third World and still be (or rather, feel) part of the world of real 
physics. 

Today there are over one hundred active theoretical physicists in Chile and, 
as far as my own contribution to this effort is concerned, I can only say now, in 
spite of all our disagreements on questions of principle: Many thanks again, 
Professor Salam. 


69.26 “Abdus Salam in Peru” by Dr. Victor Lattore, Multiciencias, 
Lima, Peru. 


When I asked Abdus Salam what he had enjoyed most in Peru, he told me 
that it was the children in Pisaac (a small town in the Sacred Valley of the Incas, 
near Cusco), chanting premio nobel, premio nobel (Nobel Prize) after him. That 
meant that knowledge was likely to be appreciated anywhere in the world. 

He had arrived in Lima in February 1980, fresh from Stockholm and having 
awakened the interest of the Peruvian military government, which had been 
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alerted by its diplomatic mission in Brazil. We, physicists in Lima, had been 
asked by our diplomats about his visit and his intentions. The military were 
actually on the way out, after eleven years in power. Elections had already been 
called, the same elections where Sendero Luminoso would make the ominous 
debut. 

Abdus was always a practical man, so unexpected to the educated man who 
pictured a theoretical physicist as an absent-minded dreamer. On moving from 
the airport to the city he said to me: “Let us get together with a group of local 
active scientists and engineers, someplace quiet, and discuss one simple thing: 
what Peruvian physicists could best do to help raise the GNP of the country.” 

That same afternoon I took him to the house of don Mario Samame, our old 
revered Rector, who had already started to round up friends for our meeting. Our 
Foreign Office had continued to speculate on whether Salam would ask to see the 
President or not. Salam had already decided not to visit the President, but to 
informally call on the Foreign Minister, the only civilian in the cabinet. He was 
to slightly alter his decision in a way, as we will sce shortly, 

We started talking or rather listening to Salam, who loved loud and 
boisterous talking, but in time everyone contributed his ideas. Then all of a 
sudden I noticed he was gone and so I went to see what the matter was. The host, 
don Mario to us, did not speak English and I wondered what Abdus needed at the 
moment. I found them together in an empty room with the problem already 
solved. Don Mario had found a small carpet for Abdus to kneel on and say his 
prayers. The proper local time and the right direction to face had already been 
well determined. 

We talked for two days with people coming and leaving all the time: Don 
Mario had been a presidential candidate in 1962 and had many friends. He was 
an authority on mining. The variety of Peruvian minerals is tremendous, but 
separation, identification and purification for proper pricing and exporting was 
hardly well done. Here was a field where physicists could help, using the 
spectroscopic tools of modern physics. I also learned then that the most scientific 
miners in the world were the Australians. They perforated rock with electron 
accelerators. The Europeans and the Americans of course had better science, but 
they did not have large mines to exploit like the Australians. 

Abdus had seen the Foreign Minister and don Mario was now urging that we 
g0 to see the Mining Minister, an army general of course. A Centre for the Study 
of Minerals would allow the physicists to make their practical contribution. 

Abdus had been to the offices of the Atomic Energy Commission and had 
discovered that the man in charge was also a general. He had been surprised to 
learn that a ten MW experimental reactor was under construction in Argentina for 
the Commission and had immediately asked the general what they wanted such a 
reactor for, It had the wrong energy: too high for conventional applications and 
too low for what “you have in mind”. 

So, Abdus was hesitant to see another general. But don Mario prevailed and 
we took him to the Mining Ministry. The Minister, forewarned of everything, 
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offered one hundred thousand dollars as the Government’s initial contribution 
the Centre. This released Abdus’ full planning instincts. They lasted, I am sorry: 


to say, for just a short time. That same year, a few months after Abdus’ visit, the 
price of copper, Peru’s biggest mineral export, fell in world markets to -- 


unthinkable depths. The Minister never got to release a cent for the proposed . 
Centre. 

Then came the visit to Cusco, the old Inca city near Machu Picchu, Peru’s 
best known tourist attraction. “This is better than what my friends told me,” said 
Abdus, Then, talking to the Cusco University Rector, he added: “The problem is 
that when I asked my friends about Cusco University, they said they didn’t know 
there was a university in Cusco.” Then and there a new summer school was 
planned, so learned Machu Picchs visitors could pay their visitors’ fee by 
lecturing to Andean scholars. The school came to be called Multiciencias and is 
still in operation. 

Celebrations after the founding of the school were too heavy and Abdus got 
ill and returned to Lima. He was, of course, in the best hotel in town. The hotel 
physician slapped Abdus’ forehead on entering his room. The physician did not 
speak English, so Abdus asked me if he was supposed to slap the man back to 
conform to the rites of his religion. Not so! The physician was showing off the 
new fad in the profession. He had set a contact thermometer on Abdus. 

He recovered quickly and was cheered up by two things arriving in his room. 
One was a collection of Peruvian fruit and another was a letter from a Peruvian 
physicist writing on a general relativity problem. He ate the fruit, but said that the 
problem was really outside his line. He would pass it to specialists in London. 

In the airport, waiting for his plane, my wife noticed that Abdus’ pants were 
held by a string, just like what Peruvian peasants use for the same purpose. She 
asked him whatever had happened to his belt. It had broken several weeks before 
and he had found no replacement of the proper size. Later I faced the same 
problem with the Peruvian alpaca sweaters that he loved so much. I could not 
find them big enough for him. 

A year ago, alas, he had thinned much, but his spirit will never cease to grow 
among us, his colleagues and friends all over the developing world. 


69.27 “Ideals and Realities: Working with Abdus Salam’ by Dr. 
Sergio Mascarenhas, University of Sao Paulo, SAn Carlos, Brazil. 


I first met Abdus Salam when by a stroke of fortune I shared an office with 
him in the Physics Department of Carnegie Tech in Pittsburgh in the ides of © 
1968. I was then a Guggenheim Fellow with the group of the late Roman . 

- Smoluchowski and he was there on a brief stay. We met again some years later in - 
Stockholm for the creation of the International Science Foundation of which we 
were common proposers. I remember he and I were engaged (as usual) in a . 
friendly dispute when Salam, who was sitting beside me, said he had no 


Life and Work of Abdus Salam ° fom 


influence on my proposal to model the International Science Foundation after the 
ICTP. Of course people laughed when I claimed not to be under the spell of 
Salam. 

Little did 1 know that this man would change both my life and that of 
thousands of scientists from the Third World! And more, that his magic spell 
made of ideals and realities, dreams and incredible accomplishments, would 
bring a new vision of scientific and technological liberation to so many countries. 


After Stockholm he invited me to Trieste as a member of a. five-year 
planning committee of ICTP. For more than fifteen years 1 worked closely with 
him to organize several areas of applied interdisciplinary sciences like 
biophysics, medical physics and soil physics for which he gave full support and 
his enthusiastic collaboration. When I first proposed a series of colleges in these 
areas there was some criticism that they were out of the scope of ICTP, but he 
gave his firm approval, fully confident that interdisciplinarity and applied 
sciences are essential for the development of Third World nations, And he 
accepted to be the Honorary President of the Third World Association of Medical 
Physics (TWAMP), sponsored by ICTP. I had the great opportunity to discuss 
with him many aspects of the Third World Academy of Sciences (TWAS) and a 
possible platform for his candidacy to UNESCO. One of the dreams then was to 
have a UNESCO satellite beaming educational, cultural and scientific programs 
to the Third World in close connection with educational production centers 
located on different continents. The idea of a web to help jump the barriers of 
underdevelopment was very clear in his mind. The foundation of TWAS was a 
success, influencing and creating new leadership all over the world. Never before 
had the scientific community been so united about science and technology as the 
basis for progress and liberation from the chains of poverty and ignorance 
through self-reliance inspired by the creativity that often comes with science. 

Salam was working all the time, writing, talking directly to world leaders, 
and most of all supporting young scientists who came from all over the globe to 
ask for orientation and help. Many came just to meet him personally, as if on a 
pilgrimage of the modern age inspired by love of knowledge and science. When 
he had more time in the beginning, I remember how we interviewed one by one 
all participants in the biophysics and medical physics colleges and how he 
listened to accounts of their difficulties at home,-why they had chosen to come to 
biophysics or medical physics, demonstrating the tremendous personal dedication 
and authenticity of a man who was one of the greatest scientists of our century. 

I always hoped that he would be nominated for the Nobel Prize for Peace but 
it seemed that fighting the war on poverty and underdevelopment was less 
important than being involved in real wars with guns and bombs. So this never 
happened, despite some timid proposals by some of us from the Third World. 

Salam, as a tireless envoy for the cause of science and development, traveled 
all over the continents. I had the privilege of accompanying him to Mexico and 
China and saw the tremendous influence he exerted to help the foundation of 
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institutions and further their association with Trieste and among themselves i in 
regional webs. 

One aspect that I would like to stress in this memorial was his ee 
respect for culture, related not only to science but to art. When I mentioned to 
him that science should be important for the preservation of works of art from the 
Third World, one of our greatest treasures of creativity in China, India, Egypt, 
Mexico and many other countries, he gave his full support for the organization of 
a unique college on the theme, despite hard financial problems. This was held 
and was a success, paving the way for the creation of new methods for 
preservation, restoration and archaeometry. Not many would have had the vision 
and the sensibility to back these ideas. 


My great joy was when he began to work in biophysics, proposing an 
audacious solution to the problem of chirality in biomolecules. As you may 
know, his proposal tried to bring his original contributions on elementary 
particles to molecular biophysics and the problems of the origin of life. This is 
still an open question, but we should not forget the dictum that “God speaks 
through the mouth of geniuses.” 

When I last saw him in Oxford he was very ill. Holding his trembling hands, 
I could still see in his eyes that incredible shining glitter that made his presence 
unforgettable to everyone who had the privilege to meet him personally and to be 
inspired by him. 

Abdus Salam was the messenger of peace, the great scientist, the great 
statesman of science who called all Third World scientists to unite for the cause 
of freedom of knowledge and peaceful use of science as the only way to free 
mankind from the martyrdom of poverty and underdevelopment. 


69.28 “Remembering Dr. Abdus Salam” by Dr. Fahim Hussain, 
Pakistan / ICTP, Trieste, Italy. 


I have been privileged to know Professor Abdus Salam since 1963 when I 
joined the Imperial College, London as a graduate student in the Department of 
Theoretical Physics of which he was the head at that time. Also, I have been 
associated with the ICTP very nearly from its inception in 1963. J first came here 
as an affiliate in the summer of 1970 and then had many subsequent visits before 
I joined the ICTP as a staff scientist in the High Energy Group in 1990 with the 
special responsibility of running the High Energy Diploma program. 


In this article I will not talk about Professor Salam and his achievements, 
which are well known but rather of the relation of the [CTP to Trieste and how 
Italy and Triestians view Salam and his achievements. In the carly sixties, when 
Salam first proposed to the International Atomic Energy Agency the idea of 
setting up an international center for theoretical physics to help develop physics — 
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in the developing countries, Triestian physicists, the Trieste authorities, and the 
Italian Government immediately took up this proposal and worked very rapidly 
and efficiently to set up the Centre in Trieste. At that time Trieste was going 
through a difficult period as it was in a remote corner of Italy and had lost its 
maritime importance as a port because its natural hinterland was in Yugoslavia. 
Also, Trieste was on the border with a communist country and thus on the 
borderline between the West and the East at the height of the Cold War. Thus the 
decision of the Italian Government was very wise in that it helped Trieste to 
develop as a science city and brought much-needed funds and publicity to the 
city. But more importantly, the site of the Centre at Trieste was also very 
symbolic as a bridge between the East and the West and the North and the South. 


As everyone knows the ICTP soon developed a top class research institute 
and also a Centre, which aided the development of physics in the Third World. 
Apart from the Nobel Prize, Salam was showered with numerous prizes, both for 
his scientific work and for his immense role as an organizer. Unfortunately, 
Salam had to retire in 1994 due to his ill health. However, to those of us, 
foreigners and Italians, privileged to have worked with him, his ideas are still a 
guiding light in the running of the Centre. One of the senior scientific 
administrators recently told me how whenever some tricky question comes up he 
tries to think how Salam would have reacted! His is a continuing influence and 
his absence is very greatly felt. I used to think that only scientists from the 
developing countries had this great love and respect for him but I was surprised 
to find the same sentiments among the Italian scientists who were associated with 
him in the great adventure of setting up the Centre. All of them have been 
inspired by his ideal of service and continue to apply his ideas. 


Recently, to honor him the ICTP library has recreated his office exactly as it 
was when he was here and have set up a beautiful display of all his degrees, 
honors and other momenta. One of the great aspects of Western societies and 
Italy in particular is how they honor not only their great politicians and military 
leaders but also their writers, poets, philosophers, scientists and thinkers in 
general. All over Itaiy you wili find streets, parks, monuments, etc., named after 
Dante, Galileo, Michelangelo, Raffaello, Fermi, and others. What I find in Italy is 
the remarkable respect for intellectuals and the fact that common people know 
about their great artists, writers and scientists. They take pride in their 
achievements and children are taught about these people in school. In contrast, 
what do we have in Pakistan? We pride ourselves on being an Islamic country 
with a rich tradition which should in principle inherit all the best of the past, but 
apart from streets named after Iqbal, where are the streets and monuments named 
after Ion Sina, Ibn Rushd, Jalal-ud-Din Rumi, Ghalib, Salam, Salimuzzaman 
Siddiqui, and others. We have streets and monuments only for local and foreign 
political leaders. Where is our respect and homage to our intellectual heroes? & 
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Dr. Abdus Salam: An Epoch-Making Personality 


Dr. Ghulam Murtaza 
Abdus Salam Professor of Physics 
Government College/GC University, Lahore 


Anwar Dil: In the August 1997 issue of The Ravi, celebrating the SOth 
anniversary of Pakistan’s independence, dedicated to “Nobel Laureate Dr. 
Abdus Salam, the great son of Government College, Lahore, and others whose _ 
creative efforts have made the college a bright tradition,” I have read your - 
beautiful Urdu article “Professor Abdus Salam ’ahd saaz shakhsiyat aur ’azeem 
ustaad” that is an extension of your earlier Urdu article published in The Nucleus 
(Pakistan Atomic Energy Commission, Islamabad, 1996). Your first essay was a 
tribute to the great son of Pakistan on his seventieth birthday (January 29, 1996) 
who had become “a legend in his own lifetime” for his outstanding contributions 
to Physics that earned for him “a distinct place in the hall of fame, reserved for 
epoch-making luminaries.” In your second essay written after his death later in 
the year on November 21, you call him “an epoch-making personality”. It 
reminds me of C.P. Snow who in his chapter on Abdus Salam in his book The 
Physicists that Changed the World (1982) acknowledged him as “a leader in the 
theoretical developments in physics ... who ranks with the most eminent.” 
Professor Freeman Dyson in his memorial article remembered him as “a great 
spirit of our time” who was “the voice of conscience speaking for the 
advancement of science among the poorer two-thirds of mankind” and that the 
international scientific institutions he created, and developed, notably ICTP and 
TWAS, are the lasting monuments to his vision of bringing the scientists and 
peoples of the world together in the service of socio-economic and cultural 
development of the human family. Professor Salam has also been called “modern 
day Einstein” for his work on the unification of forces and the Theory of 
Everything (TOE) that would have pleased Newton, Maxwell and Faraday. 


Prof. Ghulam Murtaza: You knew him before I had the privilege of meeting 
him. I am glad you are doing a book on him. For me it is a matter of very, very 
great honor that I was his student and did my Ph.D. in Theoretical Physics under 
his guidance. In 1962, I had resigned from my lectureship in physics at the 
Punjab University, Lahore, and joined the Pakistan Atomic Energy Commission, 
Transcript of some notes from a conversation with Professor Murtaza in his 
office in Government College, Lahore, December 5, 1997. 
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Islamabad. Soon after I was awarded a Colombo Plan scholarship for doctoral 
studies at Imperial College, London. I decided to study Theoretical Physics 
because I had heard of Professor Salam’s great reputation in the field and also 
had attended his inspiring lecture chaired by the President of Pakistan in the 
Senate Hall of Punjab University in 1959. He was my hero and role model. I 
knew that he had gathered a distinguished group of theoretical physicists and the 
new Department under his chairmanship had come to be recognized as the best in 
the world. 

I found Professor Salam’s lectures fascinating in spite of the fact that very 
often I did not understand his high level discussion of the topics and had to work 
in the library for hours and also consult senior students and scholars especially 
Matthews, Kibble, Strathdee, and Lovelace. He usually brought a pile of books 
and journals with page-markers to cover a wide range of ideas in his lectures that 
were given at break-neck speed as if he was in a great hurry to reach somewhere. 
His blackboard was quite a sight with a variety of equations and symbols with 
arrows linking them here and there as if they were marching towards new 
frontiers of scientific exploration and unification of knowledge. Another unique 
factor that made his lectures so fascinating was the beauty of his language and a 
distinct literary flavor sparkling with his wit and subtle humor. I heard a number 
of his public lectures as well as his talks in highly specialized seminars and 
always marveled at the outreach of his brilliant mind. 


Professor Salam had a very impressive upright personality with a certain 
sublime quality that made him a most effective and persuasive communicator. It 
greatly helped him win support for his initiatives in establishing and developing 
ICTP, TWAS and other international institutions. His eyes especially had a 
powerful shine in them that not only captivated you but also made it somehow 
difficult to say anything less than your very best in his presence. He had a way of 
understanding you as soon as you had started speaking on a problem and going 
straight to the heart of the matter started stretching your imagination in new, 
unchartered diréctions. Another personal quality that impressed me was that he 
was working ali the time and loved every minute of it. It does not mean he did 
not enjoy himself or relax. His work was his enjoyment and relaxation. In fact, he 
used to laugh a great deal and more often than not it was a boisterous, infectious 
laughter. But even in such light-hearted moments he had a typical Salam flavor 
of elegance. He was a very generous man and is known to have helped a large 
number of students and deserving persons out of his personal savings. He never 
forgot his humble beginning and lived a very simple life in spite of the numerous 
awards and honors. 

Professor Salam has done so much for his people and put Pakistan on the 
world map of Science. He deserves far, far more recognition and honor than we 
have given him. 
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Dr. Abdus Salam Remembered 


Dr. C.H. Llewellyn Smith 
Director General, 
European Organization for Nuclear Research, Geneva 


When Abdus Salam died a year ago, the world lost a great scientist and 
citizen, and Pakistan lost a great son. The news of his death, on November 21, 
1996, reached me when I was chairing the Research Board at CERN, the 
European Laboratory for Particle Physics situated near Geneva in Switzerland. 
This was highly appropriate because the Research Board was the body which in 
1978, approved the modification of CERN’s large proton accelerator to collide 
protons with their antiparticles (anti-protons). These collisions were sufficiently 
powerful to create the particles (called W and Z bosons) that transmit the so- 
called “weak force”, which is essential in powering the sun. These particles were 
discovered at CERN in 1983 with the masses predicted by Salam, and 
independently by two Americans (Glashow and Weinberg) thereby confirming 
beyond a doubt their theoretical arguments, for which they had already been 
awarded the Nobel Prize in 1979, that the weak force and electromagnetism are 
different manifestations of a single “unified” force. 

Latterly, Salam suffered from a crippling neurological disease, and he had 
effectively been lost to his friends and admirers for some years. Nevertheless, his 
death moved us greatly and focused our minds on how much we had lost; a 
wonderfully warm and sparkling human being, a scientist of profound originality, 
and a tireless servant of the developing world. 


Salam’s unified description of the weak and electromagnetic forces is 
intellectually as profound as the nineteenth century unification of electrity and 
magnetism which led to the development of radio and the other marvels of the 
electronic age. Indeed, in some ways it is more suprising since superficially the 
differences between the weak and electromagnetic forces are even greater than 
those between the first manifestations of electricity (sparks) and magnetism 
(attractions between certain stones). But Salam’s list of scientific achievements 
contains others of almost equal importance as the experts will recognize (e.g., 
two-component neutrino theory; first grand-unified theory; invention of super 
space). His contributions were recognized by many honors. ... 


In spite of some initial scepticism, ICTP was established near Trieste, Italy, 


"First published in The Dawn (Karachi), November 22, 1997. 
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in 1964, In its thirty-three years, it has hosted some sixty thousand visits, about 
half from developing countries, and the range of its activities has expanded from 
theoretical physics to computing, electronics, energy, environment, 
biotechnology and genetic engineeering. For us in Europe, ICTP is a greatly 
appreciated center of excellence, but for the visitors from developing countries, it 
is a godsend. 

Salam had no formal connection with CERN, although he was a frequent 
visitor, and from 1980 to 1986 a member of CERN’s Scientific Policy 
Committee. However, his work inspired much experimental and theoretical work 
there including the discovery (in' 1973) of so-called neutrino neutral currents 
which was the first evidence for his unified electro-weak theory. It was typical of 
his generosity that, on hearing that he had been awarded the Nobel Prize in 1979, 
he hurried to CERN to pay tribute to those who had made this discovery. 

Salam appreciated the fact that, in experimental particle physics, CERN is 
playing the role that he envisaged for ICTP in theoretical physics. This has 
enabled scientists based in developing countries to participate in the exciting 
intellectual endeavor, and technological challenge, of exploring the fundamental 
structure of matter in large accelerator-driven experiments. Salam would have 
viewed the increasing collaboration between Pakistan and CERN with particular 
pride and satisfaction. Despite the demands of his own scientific work and duties 
as Director of ICTP, Salam was generous with his time both officially (he 
accepted some dozen assignments from the UN and from the government of 
Pakistan, including that of scientific advisor to the president). He was a tireless 
’ worker who was sustained by his deep religious faith. 


To finish with Salam’s own words: “The Holy Qur’an exhorts believers to 
study Nature, to reflect, and to make the best use of reason in their search for the 
ultimate. The quest of knowledge and science is obligatory to every Muslim from 
cradle to grave: Science is important because of the understanding it provides of 
the world around us, for the material benefits it can give us, and because of its 
universality. Science and technology are shared heritage of all mankind. East and 
West, South and North have all equally participated in their creation in the past 
as, we hope, they will do in the future, this joint endeavor becoming a unifying 
force among the diverse peoples of this globe.”’a 


Philosophical Society, 143, (1999). 
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72 
Abdus Salam 


Professor Freeman J. Dyson 
Institute for Advanced Study, 
Princeton 


75.Freeman Dyson 
Abdus Salam was one of the great spirits of our time, great as a scientist, 


greater as an organizer, greatest as the voice of conscience speaking for the ee 


advancement of science among the poorer two thirds of mankind. 2 

I met him first in England when he was twenty-four, a student recently 
arrived from the turmoil of newly independent Pakistan. I was then supposed to 
be a leading expert on the theory of quantum electrodynamics. I quickly found 
out that Salam knew as much about that subject as I did. He asked me for a topic 
for his research. I gave him the topic of overlapping divergences, a highly 
technical problem that had defeated me for two years. He solved it in a few 
months. 


I met him a year later in Zurich. He came with a completed paper, a 
pioneering piece of work on scalar electrodynamics. He asked me to introduce 
him to Wolfgang Pauli, at that time the leading European expert on quantum field 
theories. I told Pauli who he was, and Pauli agreed to see him. 

After the formal introduction, Salam said: “Professor Pauli, could you 
please be so kind as to look at this paper and let me know what you think of it.” 
Pauli said, “I have to be careful not to use my eyes too much. I will not read your 
paper.” That was the end of the conversation. 

Salam thanked Pauli and left the room, showing no trace of anger or 
disappointment. He knew his own worth. When I apologized for Pauli’s 
rudeness, Salam said he was sorry for Pauli, not for himself. Pauli had missed the 
chance to learn something interesting. 

When he visited Zurich, Salam was wrestling with the question, whether 
or not to return to Pakistan. His studies in England were almost finished. If he 
should decide to stay in England or America, a brilliant research career awaited 
him. He was at the height of his intellectual powers, an outstanding talent among 
the rising generation of physicists. But his conscience would not allow him to 
stay. 


Excerpts from the article first published in Proceedings of the American 
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He felt a compelling duty to go home and do whatever he could to help his 
people. Pakistan, in spite of its poverty, had paid the expenses for his living and 
studying in England. Now it was his turn to repay his debt to Pakistan. He 
discussed his dilemma with me. I advised him strongly to come to America, to 
plunge into research for five years first, and then help his people afterwards. He 
thanked me for my advice and told me he was going home. Physics could wait, 
but his people could not. 

Salam returned to Lahore in 1951 and stayed for three years. Those were 
years of deep frustration. The academic hierarchy in Lahore had no wish to be 
helped by a 25-year-old genius. Salam had hoped to inspire the young people of 
Pakistan to learn science and modernize their society, to launch a wave of 
scientific progress. 

All he could do was to teach mathematics and physics within the constraints 
of a rigid and antiquated curriculum. He felt himself growing rapidly out of touch 
with modern science and with the international community of scientists. After 
three years, he understood that he could help his country more from outside than 
from inside. 

In 1954, he returned with a clear conscience to England and resumed his 
research career, In 1957, he accepted a chair at Imperial College, the position that 
he held for the rest of his life. As a London professor, he became chief scientific 
advisor to the President of Pakistan and wielded far greater influence on his 
native country than he could ever have achieved from Lahore. As his country’s 
most distinguished citizen, he stood above academic hierarchies. 

When I first met Salam in 1950 I recognized him as an intellectual equal, a 
young man who could solve mathematical puzzles as quickly as I could. Ten 
years later I could see that he had grown over my head. While I was still solving 
mathematical puzzles, he had come to grips with deep mysteries of physical 
reality. While I was exploring the details of old theories, he was creating new 
ones. For ten years he struggled, with many false starts leading into blind alleys, 
to create a unified theory of electromagnetic and weak interactions. 

In 1967, he succeeded. At the same time as Steven Weinberg and Sheldon 
Glashow, working independently, he created the electroweak theory, the theory 
that was triumphantly vindicated by the experimental observation of weak neutral 
currents six years later. The electroweak theory set the pattern for all the ideas 
that were later incorporated in the standard model of particle physics. Salam and 
Weinberg and Glashow received well-earned Nobel Prizes in 1979 for this 
achievement. Salam quietly gave away a hundred percent of his prize to fund 
scholarships for poor students. He said that the Muslim faith by which he lived 
made it easy for him to be generous. 


Meanwhile, Salam had founded the International Centre for Theoretical 
Physics in Trieste, the institution which fulfilled his dream of raising the level of 
fundamental science in poor countries. ... From the beginning, the Centre was 
not narrowly concentrated on particle physics. Meetings were organized and 
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visitors welcomed in many other areas of science, from plasma physics to 
environmental analysis and molecular biology. ... He maintained a serious 
interest in nuclear fission and nuclear fusion, both as sources of energy and as 
sources of challenging scientific problems. He believed that fundamental and 
applied science were equally essential to the vitality of developing countries. 
Visitors to the Centre worked mostly on fundamental science, but applied science 
was not despised. ... He bore much of the administrative load as Director of the 
Centre, besides providing the intellectual leadership. The Centre remains a 
monument to his energy, his vision, and his unselfish dedication to the task of 
bringing all peoples together in a common pursuit of science. fl 


b. International Prize for Peace, 
Unesco Centre, Florence, 1978 


a. Marien Negoubi University, 
Brazaville, Congo, 1971 


c. The University of Yaoun . 
Cameroon, 1981 


c. University of Sofia, Bulgaria, f. The Edinburgh Medal, City of 
1986 Edinburgh, 1989 


76. Some of Abdus Salam’s Medals 
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A Great Synthesizer of the Century 


Dr. Abdullah Sadiq 

Vice-Chancellor, 

Pakistan Institute of Engineering and Applied Sciences, 
Islamabad 


Europeans’ sense of history is evident from all aspects of their living, their 
currency notes, their stamps, their monuments and the names of the streets and 
major structures in their towns. This sense of history seems particularly strong in 
Italy. Hence, it is quite understandable for Italians to honor their two illustrious 
countrymen, Galileo and Enrico Fermi. Galileo laid the foundations of the 
scientific method about four hundred years ago through his systematic 
experimental and theoretical studies. With the astronomical telescope that he 
himself had constructed he studied the heavens and reported the presence of 
mountains on the moon, the satellites of Jupiter, and the resolution of the Milky 
Way into numerous stars. His systematic studies of motion, especially motion 
under the influence of gravity, paved the way for Newton’s law of motion and 
the universal Jaw of gravitation. He was bold enough to defy the church 
authorities by openly advocating the Copernican system according to which the 
sun rather than the earth was at the center of the then known universe. For this he 
had to pay dearly and had to spend the rest of his life in isolation. 

Enrico Fermi was a true intellectual heir of Galileo and one of the last of the 
renaissance scientists. He made equally fundamental contributions in both 
theoretical and experimental physics. Because of his basic work in quantum 
Statistics his name is associated with several key concepts in this field. These 
include the Fermi-Dirac statistics, fermions and Fermi temperature. Through his 
theory of beta decay he postulated one of the four fundamental forces of nature, 
the weak nuclear force. His experimental work in artificial radioactivity and in 
nuclear chain reactions paved the way for the controlled as well as uncontrolled 
release of energy in nuclear fission. He was the leader of the team, which built 
the first nuclear reactor, which became critical in Chicago on December 2, 1942. 
Himself a Nobei Laureate he taught and groomed several future Nobel laureates 
such as Emilio Sergre, Murray Gell-Mann, T.D. Lee and C.N. Yang. It is, 
therefore, not surprising that he is honored and respected not only in Italy, but 
also in his adopted land USA. P.A.M. Dirac, a teacher of Dr. Abdus Salam 


~~ First published in The News (Islamabad), December 5, 1999. 


SAT romero 
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during his studies at Cambridge, was one of the greatest minds of this century. - 
His unification of the special theory of relativity with quantum mechanics led to |: 
the prediction of anti-electron. The discovery of such particles, positrons, opened 

the possibility for the existence of a whole new class of matter, the anti-matter. 

The stairs going up into the Miramare Park were built and named after Dirac as a 

tribute to his revolutionary contributions to physics. 


Salam was a great synthesizer of this century. He played a key role in the 
unification of two of the four fundamental forces of nature; the weak nuclear 
force postulated by Fermium and the electromagnetic force. The Salam- 
Weinberg model incorporating this unification forms the bedrock of the Standard 
Model of particle physics. In his quest to seek unity in the diversity of nature he 
was heir to the traditions of both Newton as well as Maxwell. ... 

The honors showered on Professor Abdus Salam by Italians in general and 
by the people of Trieste in particular are well deserved. During my very first visit 
to Trieste some twenty-five years ago I became aware of the sense of respect of 
the common people towards him. His name was a household word in Trieste. On 
learning that I was from Pakistan, a person on the street would inevitably say, 
“Oh you are from the same country as Salam” and would become even more 
friendly toward me. It was not uncommon for prominent Italians, from the mayor 
of Trieste to the ministers in the regional and central government, to visit the 
Centre whenever an occasion demanded. This showed the degree of respect and 
esteem in which he was held. Salam was an ambassador par excellence for 
science in the developing world but more so for his country, Pakistan. 

Now that he is no more with us, his name has been immortalized by re- 
naming the ICTP as the Abdus Salam ICTP. As one enters the Centre through its 
main lobby one sees his picture prominently displayed along with the souvenirs 
presented to him by his admirers from all around the world. His medals and 
certificates, including a replica of his Nobel Prize, are displayed in beautiful 
show cases in the new journals display section of the library right at its entrance. 

His degrees, certificates and honorary degrees are gracefully displayed on the 
walls of a room leading to the rest of the library collection. All visiting scientists 
and scholars visit and pass through these areas. His office, the way he left it, with 
his books and wall hangings, has been recreated in a room just next to the new 
journal display section. A prominent painting of Professor Salam casts a 
welcome glance as one enters this room. A bookshelf next to his portrait displays 
the framed stamps with Professor Salam. 

The international physics community and especially the Pakistani physicists, 
greatly value the graceful manner in which Professor Salam’s memory has been 
preserved by the new management of JCTP. His outstanding contributions to 
physics and his tireless and fruitful efforts for the cause of science in the 
developing world will remain a source of inspiration and encouragement for 
future generations.a = 
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Abdus Salam and Shaping the Destiny 
of Science and Technology in Developing Countries 


Prof. M.S. Swaminathan 

President, Pugwash Conferences on Science 

and World Affairs; Founding Member, TWAS; 
Chairman, M.S. Swaminathan Research Foundation, 
Chennai, India 


I first met Dr. Abdus Salam in Cambridge in 1950. He was then doing his 
Ph.D. in Mathematics while I was doing the Ph.D. in Genetics. Even then Dr 
Salam became a legendary figure among scholars and scientists. Because of his 
intellectual brilliance he could complete his Ph.D. work within a year, Another 
record of his was the election to the Fellowship of the Royal Society at the age of 
31 in recognition of his monumental work on the symmetrics of particles, the 
most famous of which is “Omega-minus”’. 

Later, I used to meet him at the International Centre for Theoretical Physics 
which he established at Trieste. He received the Nobel Prize in Physics in 1979 
along with Dr Sheldon Glashow and Steven Weinberg. In 1980, Dr Salam visited 
New Delhi in connection with the felicitation functions organized by Scientific 
Academies in his honor. During this visit I had an opportunity to invite him to 
my house to discuss issues relating to science and technology in developing 
countries with particular reference to India and Pakistan. I was then the Chairman 
of the Science Advisory Committee to the Cabinet of India and also Member 
(Science) of the Planning Commission. He then mentioned to me his idea of 
starting a Third World Academy of Sciences (TWAS) with the. initial 
membership covering Fellows of the Royal Society and the Fellows of the US 
National Academy of Sciences. I warmly welcomed the idea and accepted his 
invitation to become a Founding Fellow of TWAS. 

TWAS over the years became a source of great inspiration and help to Third 
World scientists. Along with Prof Hassan, who is still serving TWAS in its new 
name “TWAS the Academy of Sciences for the Developing World”. Dr Salam 
provided a new vision and impetus to the political leaders of the Third World. He 
was fond of quoting Jawaharlal Nehru, who once said “the future belongs to 
science and to those who make friends with science.”. 


In 1990 when I was asked to chair the International Commission on Peace 
and Food, I requested Dr Salam to not only join as a Member of the Commission 
but also associate TWAS actively in its work. He graciously accepted this request 
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and hosted the first meeting of the Commission at Trieste. When we weig: ae 
meeting in Trieste, the Berlin Wali had been broken and Dr Salam felt that this’ : 
was a good augury for diverting funds from weapons of destruction to... 
development. Dr Salam was convinced, like the Roman Philosopher Seneca, that 
where hunger rules, peace cannot prevail. 

I, along with Dr Salam, had the good fortune of presenting a report to the UN 
General Assembly in 1989 on the progress made in harnessing science and 
technology for the eradication of hunger and poverty in the Third World since the 
Vienna Conference on Science and Technology for Development held in 1979 at 
Vienna. I still recall the stirring call made by Dr. Salam to Third World leaders 
for fostering a climate for creative and innovative science which can address the 
problems of society. 

Dr. Salam was an unparalleled leader of science for society. In this respect. he 
resembled Albert Einstein, who once said, “Concern for man himself and his fate 
must always form the chief interest of all technical endeavors in order that the 
creation of our minds shall be a blessing and not a curse.” Dr Salam’s life and 
work will continue to inspire generations of young scientists not only in the 
developing world but all over the world.a 


16. With M. S. Swaminathan, Food and Peace Ganterencs, 1094 
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Abdus Salam — A Passionate Genius 


Prof. Atta-ur-Rahman 
Chairman, Higher Education Commission (HEC), 
Islamabad 


I first met Dr. Abdus Salam when he delivered a lecture in the Karachi 
University in 1964 when I was an M.Sc. student. He talked about his efforts to 
come up with a unified theory of matter. It was an exciting talk which even I as a 
chemist could understand. Later in 1969 when I was elected as a Fellow of 
King’s College, Cambridge University and a report about me appeared in The 
Times newspaper in the UK, I received a letter of congratulations from Prof. 
Salam. We met on numerous occasions subsequently and became good friends, 
especially after ] was elected as the Fellow of the Third World Academy of 
Sciences in July 1985. 


I can say without hestitation that Prof. Abdus Salam has done more for the. 
development of science in Third World countries than any.other Nobel Laureate. 
His passion to help science develop in the Third World led to the establishment 
of the Third World Academy of Sciences which became a very dynamic 
organization that has been supporting the development of young scientists across 
the world. The International Centre for Theoretical Physics, now named after 
him, also developed under his guidance and has provided opportunities to 
thousands of bright young physicists to come and study in Trieste for various 
periods of time. 


Prof. Salam wrote passionately on science in the developing world. I fully 
agree with his point of view that the future for the developing countries lies in 
giving the highest emphasis to education and particularly to science and 
technology. It is only through the establishment of world-class universities and 
Centres of Excellence in different fields that we can hope to progress in the 
knowledge-driven world. Unfortunately, in spite of extensive efforts by Prof. 
Abdus Salam, the Muslim countries paid little heed to his efforts and, with few 
exceptions, they continue to rely essentially on natural resources rather than 
human resources. As a result they together have a GDP which is less than half 
that of Japan! 


Prof. Salam has left behind him a legacy of selfless dedication to science. 
The award of Fellowship by the Royal Society, London, and the Nobel Prize 
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were well deserved recognitions of his immense talents. It is now up to the... 
leadership in the developing world to benefit from his various articles and to: © 
launch major programs aimed at unleashing the creative talent that lies in our 
young. 


Prof. Salam visited my Chemistry Centre in Karachi on a couple of occasions 
and was deeply impressed that a world-class chemistry institute had been set up 
in Pakistan, where over one hundred students from advanced countries had come 
to study chemistry. 


If Prof. Salam was alive today, he would have been very pleased to see the 
transformation that is happening in Pakistan in the field of higher education. A 
massive program to attract eminent Pakistani scientists, engineers and academics 
to return to Pakistan was initiated and about five hundred eminent persons who 
have lived most of their lives in the West, have already returned. About one 
thousand scholars are being sent abroad annually to universities in Germany, 
France, Sweden, Austria, Netherlands, UK, USA, Australia and New Zealand for 
M.S./Ph.D. level training. The largest Fulbright Scholarship Program in the 
world (US$150 million) with funding from USAID and Higher Education 
Commision has been launched whereby six hundred and forty Pakistani students 
will be able to study for Master’s and Ph.D. level training in ivy league 
universities in USA. 

The salary structures of university teachers have been increased to several 
times those of Federal Ministers (upto US$5,000 per month) under a new 
“Tenure Track System” which involves regular international assessment before 
grant of permanency. This is attracting the brightest young men and women to 
opt for careers in education and research as their first option. 


The Pakistan Educational and Research Network, a fibre based intranet, is 
the platform of the Digital Library Programme of HEC which provides free 
online service to 23,000 international journals and 40,000 E-books from two 
hundred and twenty international publishers to universities and R&D 
organizations across the country. A well organized video-lecturing program of 
interactive lectures has been launched and daily lectures are being delivered from 
technologically advanced countries in real time to univesities in Pakistan. Fifty 
linkages have been established between universities in Pakistan with British 
universities. Pakistan is setting up nine new engineering universities which in 
collaboration with Germany, France, Sweden, Italy, Austria, Japan, South Korea, 
China and some other countries, with degrees being awarded by foreign 

universities to students in Pakistan. An educational satellite placed in space 
(PAKSAT-1) in 2002 is being used for distance learning through four TV 
channels and cable TV. National Commissions on Biotechnology and 
Nanotechnology were established and large programs have been initiated in these 

fields. 
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These developments have been termed “a silent revolution” by the World 
Bank which recently carried out an in-depth analysis of the higher education 
sector in Pakistan. Pakistan is blessed with some 85 million persons (54% of its 
population) below the age of nineteen. This demographic advantage over many 
other nations must be taken both as a challenge and an opportunity so that 
Pakistan can transform from a largely agricultural-economy to a knowledge- 
economy. 


However, we still have a long way to go before Pakistan can emerge as a 
country strong in any of the sciences. Sustained and enhanced efforts over the 
next 10-15 years can result in the production of many future Abdus Salams. 
However, we must create the necessary enabling environment so that our 
brightest scientists can serve in Pakistan and do not leave in frustration to 
‘greener pasture’ in technologically advanced countries.a 


Islamabad 
March 17, 2008 


Student at Government College, Lahore; 1946 


? 


79. Government College, Lahore 
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80. 13-Year old Abdus Salam’s Urdu essay on Muhammad Iqbal (1877-1938), 
written on the great poet-philosopher’s first death anniversary on April 21, 1939. In the 
ornate style of classical Urdu writers, Salam wrote that if Iqbal, a poet of the caliber of 
Kalidas, Khusrow, and Ghalib, had not been bom in India the majestic peaks of the 
Himalayas in their silence and the sublime water of the Ganges in its motion would have 
eternally complained to the Creator. Iqbal took world literature to new heights with his 
Urdu and Persian poetry, awakened the Muslim people with his clarion call, and shared 


his vision of a New World of human excellence. May he live for a thousand years and 
each year have pry bicusand ae 


81. 14-year old Abdus Salam’s Urdu letter to 
his teacher Mr. Farani thanking him for his 
challenging teaching, affectionate guidance, 
and prayers resulting in his creating a new 
record of highest marks in the matriculation 
examination of the Punjab University, 1940. 
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Annex I. “Hair and Hairdressers” by Abdus Salam. The Ravi 
(Magazine of the Government College, Lahore), Vol.XXXIX, No. 3, 
1944, pp. 15-17. 


Hair-dressing and shaving is one of the most atrocious ordeals that have yet 
been the gloomy lot of civilized humanity. I have always held that Rousseau’s 
savage was noble — for the very plain and simple reason that he never handled a 
razor or scissors. Anthropological research may have failed to lift the veil that 
countless centuries have drawn across his immortal name — his, the pioneer of 
shaving and trimming — but the march of time has not abated the exuberance of 
those fervent excretions that all accompany tears, with every rake of the razor. 

These superlatives may surprise some virgin chins. I may, therefore, adduce 
the account of Mark Twain’s melancholy shave in Paris. From earliest infancy, 
he says, it had been his cherished ambition to be shaved some day in a palatial 
barber shop of Paris. “I wished to recline at full length in a cushioned invalid 
chair, with frescoed walls and gilded arches about me, and sumptuous furniture, 
with perfumes of Araby to intoxicate my senses, and the slumberous drone of 
distant noises to soothe me to sleep. At the end of an hour I would wake 
regretfully and find my face as smooth and as soft as an infant’s. Departing, I 
would lift my hands above that barber’s head and say, “Heaven bless you, my 
son!” 

“T entered the shop; I said ] wanted to be shaved, there on the spot. There was 
a wild consultation among the barbers, after which they took me into a mean 
little room, they got an ordinary sitting room chair and slopped me into it, with 
my coat on. My old, old dream of bliss vanished into thin air. 

“T sat bolt upright, silent, sad, solemn. One of the villains lathered my face 
for ten terrible minutes and finished by plastering a mass of suds into my mouth. 
I expelied the nasty stuff with a strong English expletive and said “Foreigner, 
Beware!” Then this outlaw strapped his razor on his boot, hovered over me 
ominously for some fearful’ seconds and then swooped down upon me like the 
genius of destruction. The first rake of his razor loosened the very hide from my 
face and lifted me out of the chair. I stormed and raved, tears of exquisite agony 
coursed down my cheeks. Then the incipient assassin held a basin of water to my 
chin and slopped its contents over my face and into my bosom and down the 
back of my neck, with a mean pretence of washing away the soap and blood. He 
dried my features with a towel and was going to comb my hair; but I asked to be 
excused. I said with withering irony, that it was sufficient to be skinned — I 
declined to be scalped.” 


This is how this fraternity has made a conspiracy to victimize the human 
race. Worse still, barbers as a class have always been a proud people. In our 
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villages, where the fabric of a caste system is still intact, the barber represents the ~ 


frontier between the upper and the lower strata of society. He is a surgeon, 
matchmaker and scandal-monger, all in one. For ages he has handled the knife of 
circumcision, with hereditary precision and skill. He must perforce be a high 
brow. 

In fact his superciliousness may be traced, through the night of time, back to 
the glorious days of the great Caliph Haroun-ar-Rashid, the illustrious patron of 
this art. One night of all nights, so say the Arabian Nights, the excise sub- 
inspector hauled up a lusty roister, vociferous with drink and youth, and flushed 
with his late nocturnal revels. Waxing as black as Moses so quoth the reveller, 
“Defile me not, Heaven’s anointed, with thy unsanctified hands. Knoweth thou 
not my illustrious parent — he who presides over multitudes, who outweeds the 
rebels, he to whom the whole world bows!” 

They narrate that the dignitary stood aghast at the grim disclosure that beads 
of perspiration coursed down his brow, that he prostrated himself and apologized. 
Subsequent inquiries, however, revealed that the desperado was none else except 
the direct lineal descendant of a barber. 

. So it was stipulated that it is to a barber-alone that the whole world inclines 
its head. 


To one thing I can testify — that barbers do keep well abreast of the 
intellectual movement of the time. I can never forget the horrible yarns I heard 
some years back from the professional who exercised his shearing capabilities on 
the growth at my chin, blood curdling tales of murder, grim, gruesome, that 
would make my hair stand on end — and thus facilitate his work. Psychology in 
service of shaving! 


What part have hair played in man’s march to progress? Cleopatra’s nose, 
they say, changed altogether whole chapters of Rome’s history! Why not her 
raven black tresses? Pope has asserted in his Rape of the Lock that beauty draws 
us with a single hair. But this aspect of the question will lead us too far into 
aesthetics. Let it be merely stated that the growth of the virgin chin of their boy- 
beloved has had a mystic significance for our Eastern Sufi poets, proving for 
some the veritable road to Paradise. 


_ Have hair anything to do with personal valor? Perhaps yes — for Shakespeare 
mentions the “beards of Hercules and Mars.” The cases of Sampson and Shagpat 
may also be adduced. 

Sampson on one occasion remarks: 
“God, when He gave me strength, to show withal, 
How slight the gift was, hung it in my hair.” 
No man could subdue him but his wife: 
“Like a deceitful concubine, shore me, 
Like a tame wether; no worthy match 
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But by the barber’s razor best subdued.” 


When his hair grew again he recovers his strength and revenges himself on 
his enemies. ; 

Similar was the case with Shagpat. According to Meredith, Shagpat wears his 
long hair, contrary to the custom of some countries, where all men shave their 
heads, with the exception of one tuft on the top of the head, by which tuft, after 
death, the true believer is to be lifted up by angels and carried to Paradise. 
Shagpat wears his long hair because in his head there has been planted one 
magical hair taken out of the head of a Djinn of Genie and this hair has the power 
of making all men worship the person on whose head it grows. From this it may 
appear it is not worthwhile to shave at all. 


Apart from the diplomatic significance of long hair and beard in social 
circles, beard has a political significance as well. For myriads of historians the 
clean shave of Akbar heralded in a new era in Indian history. Recently, when 
King Faroug let a fine black beard to sprout on his comely face certain political 
observers forestalled the formation of a Pan-Arab Movement. Events have 
justified the significance they attached to what then appeared trifles. 


But what has been the urge for me to write about beards and barbers. 
Perhaps my own chin is itching and is almost overdue! 
Who can say? Il 


Annex I. “The White Arm” by Abdus Salam. The Ravi (Government 
College, Lahore), Vol. XXXIX, No. 7, 1945, pp. 8-10. 


The temple looked a weird place in the gray streaks of fading dawn. Its 
turrets and spires stood out boldly like legend, heroes defying hordes of unknown 
foes. The bleak prospect of the surrounding stretch of land, its monotony 
unrelieved except by the distant curve of the riverbank that lended to its eerie 
atmosphere. The temple bells, after a protracted peal, had suddenly subsided. IJ 
called a halt to my men. The gray pile somehow seemed to draw on me. I said I 
would take my lieutenant and explore the place. 

We crossed the threshold into a spacious courtyard — all deserted. To the 
right were steps which led into an inner apartment. The door was a massive one, 
heavily striped and studded over with brass nails. I rudely pushed it open and I 
entered — rather I did not enter. Like one rising from a torpor I grew conscious of 
the images displayed to my senses one by one, such was their bewildering 
multiplicity. The brain seemed to have lost its synthetic faculty. For a few 
seconds I could only smell — there was a gale of incense, voluptuous, 
excruciating in its sweetness. A few minutes later and I thought I had no sense of 
smell left. My nose seemed burned, whiffing like a bellows. 
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And then with a burst came music, low, plaintive, which trailed off into. 
silence as suddenly as it had arisen. I felt I had risen from a dream — I could take | 
in the whole panorama of light and shade; the idol was placed in a niche across © 
the room in the center; I could not exactly discern its feature, limp in that mellow 
light; I think it was clay, plastered over with gold paper, all a blaze of finery. It 
was surrounded by black silk curtains; there was a shaded lamp of polished brass 
overhead. Beyond the curtains were galleries, passages, partially obscure, 
running into the back of the building; the typical mixture of gloom and light 
where any crime would be plausible. A priest stood in front of the idol chanting 
something in accents unknown. His tone was untrammeled, there was no 
undertones; as clear as a tuning bell. Three or four devotees were performing 
obeisance; one of them was sobbing. I could analyze every aspect of the senses. I 
knew the elements of that elaborate suggestion, that affect of shadows mingling 
with light, of that mellow atmosphere, of those mysterious chants not in unknown 
syllables, of that low sobbing. But still I could not combat the cumulative effect. 
My skepticism gave way. An incense of faith and devotion was stealing over my 
senses. I had read Rider Haggard’s account of temples in African deserts, of the 
enormous power of suggestion and mystery, which the priests so well exploited. I 
had credited them as mere figments of fancy but now face to face with a heathen 
deity, I felt the very marrow of my bones will melt. I instinctively lowered my 
head in reverence and while in that act I saw what I had missed before. Through 
the curtains that surrounded the idol projected an arm, all-bare save for three 
glass bangles that clicked and danced, the arm of the lady of the lake. It was 
white, silver white, swinging a silver lamp, up and down with a graceful rhythm. 
The lamp surged up, lighted in a blaze of gold the finery of the idol. Its pale 
ringlet of smoke flickered for a second - up, down, down, up again, the idol 
twinkled, shimmered in its pale light. 

Was that arm the secret of the charm — was she casting that spell? My 
feelings heightened; yes, I too felt a sob, struggling through the lump of lead in 
my throat. I felt I would stifle if I did not kiss that hand — I must hold it for a 
second, even if I pay with my life for it. I perfectly realized my act was 
sacrilegious, mad, but — 

I surged forward, I caught the arm, while in its upward sweep, I lightly 
touched and kissed it, the curtains rustled and I saw her. It would be folly to call 
that seeing — I rather realized her — for the merest flicker of a second, I was 
vaguely conscious of a wild uproar, the silver lamp fell in a ringlet of smoke. I 
tripped over the idol and fell, a flash of lightening blinded me — and there was all 
dark. I lay unconscious at the feet of the idol. 

The whole ilaqa [area] was in a wild uproar — I had sacrileged the sacred 
precincts of faith, I had, with my touch, defiled the devi of the temple. I had been 
opportunely rescued from the fury of the priests by my men whose curiosity had 
superceded their obedience. My lieutenant a stolidier man than myself, had been 
moved, though not to such acts like myself. The commotion subsided but its 
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rumblings went on. Protests and representations were made at the Headquarters ~~ 
against my impetuosity, 

But the white arm haunted me. Its three bangles clicked again and again in 
my ears. In sleep, in waking, I saw it wave to me, beckoning me onwards. I 
rushed to touch it with my lips — to clutch empty air, I saw the pale flicker of the 
silver lamp, I saw the fumes rising, chasing each other in leisurely curls. In 
complete nervous dilapidation I decided to resign my command. 

It was a week after my adventure, I absolutely could not resist visiting the 
temple again — ! must see the white arm; I carefully dressed myself as a native 
and went in perfect camouflage. I saw it again - yes there it was, perhaps rosier, 
with the same beautiful curve; its movements were distinctly less graceful, but 
still it held together, the atmosphere of the temple was the same. How I mastered 
my emotion I can never tell. Her arm was the symbol of that mysticism, the soul 
of ali suggestion. The whole spell would crack and melt without it. 

I returned to camp, with a silent resolve to get converted to the faith of the 
gods of the temple, to enter the temple as a priest to find her out, worship her ail 
my life - my men startled me from a reverie. A corpse had been washed ashore 
that night — a woman’s corpse. They wanted me to see it. An undefined and 
inexplicable dread clutched at my heart — could it be she. I had seen her arm that 
morning — her white arm but still my fears grew — till at last, when they 
uncovered her face for me J was absolutely prepared for it. 

It was she — she whom I had seen so imperfectly that fateful night, she whom 
my heathen touch had defiled, she, who must have been the victim of the priests’ 
wrath, she — the mistress of my dreams; but [ had seen her arm that morning, 
could { be deceiving myself -- my brain was in a whirl. I almost rudely shook off 
the sheet that covered her. What was that — was it true — was the corpse armless! 
Yes it was! 

I came to the camp and tore off the resignation. I had a heavy score to reckon 
with the priests of the great temple. 


Annex IIT. “A Visit to Germany” by Abdus Salam. Written in 1948. 
First published in The Ravi (Government College, Lahore), Vol. XLV, 
No. 1, November 1951, pp. 13-17. 


I attended the 2nd International Youth Congress held at Munich from the 
12th to the 20th of June 1948, as a Pakistan Delegate. The Congress was 
organized by Bayerischer Jugendring (Bavarian Youth Ring) — an unofficial 
youth organization and was sponsored by the American military authorities. 
About one thousand foreign and an equal number of German delegates attended 
the Congress. Besides the West European countries, almost all South American 
States, as well as India, Egypt, Syria and Pakistan were represented. No Russians 
were present — nor were there any Germans from the Russian Zone. 
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Your other delegates from Pakistan besides me were expected, but only one . 
arrived, As a Delegation, we were thus at a great disadvantage as compared with 
bigger delegations, like the Indian — with about eighty members, or the Swiss and 
the French, with one hundred and fifty members each. 

The Bavarian Youth Ring paid all our expenses from the time we entered the 
German border. Foreign guests, above thirty years of age, were accommodated in 
Munich town; some in hotels, and some others with private families. All others, 
under thirty, lived in tents, in Nymphenburg Park. The Tent-Town, as it was 
called, was divided into villages, each with its own burgo-meister. An equal 
number of German and foreign delegates lived in each tent. Each village flew the 
flags of the foreign nationalities living in it. In our village, we had Germans, 
Egyptians, Indians and Pakistanis. There were about two hundred girls in the 
camp — they had separate villages. 


I traveled to Munich with the British Delegation. We went through Paris and 
at Karlsruhe — the border-town between France and Germany — we were met by 
the organizers of the Congress. And there we had the first taste of German 
hospitality. The trains were crowded — about as crowded as the trains in Pakistan, 
but the word “auslinder” (foreigner), always secured us a seat. It was as if the 
whole nation knew how to behave when people from foreign parts visited them. 
We traveled through some of the loveliest country in the Rhine valley — with neat 
little villages, the green countryside and distant mountains capped with snow. 
But for the crowded rags and the sad faces around us in the train, we might have 
forgotten that war had ever come to Germany. Occasionally we went through a 
crumbling town. 

After about eight hours journeying in Germany we reached Munich. Buses 
were waiting for us and we were sent to our tent-villages for the night. 


Next morning the Congress was officially declared open by the President of 
the Bavarian Youth Ring: “We have organized the Congress so that Germans 
could meet our foreign guests and they, in their turn, could know more of 
Germany. We must learn to fight the spirit of the weapons by the weapons of the 
spirit.” 

He: was followed by several other German speakers. Then the American 
Military Governor for Bavaria spoke. Addressing himself specifically to the 
Germans, he said: “Here is an opportunity for you to prove to the world that you 
want peace — to learn from others those lessons that were denied you during the 
years of Nazi regime.” 

These speeches continued throughout the day, in fact throughout the week. 
But they were by no means the main theme of the Congress. The official program 
included visits to exhibitions, to operas and ballets and dramatic performances, 
and, most important of all, the “Arbeitgemeinschaft” — the Discussion Groups. I 
can only briefly describe the official part of the program so far as I attended — for 
there were so many things going on at the same time that it was impossible to 
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attend them all. It was the camp-life, and the camp where in fact the real work of : 
the Congress was done. 

Munich has always been known for its immense variety of artistic 
performances. If the war has not affected one thing, it is this side of Munich life, 
and the organizers were generous enough to give us tickets for the various types 
of entertainment. 


We were organized into different discussion-groups, each with a topical 
problem to tackle. I attended the discussion on “The Surplus of Women as a 
Social Problem’. We were told that in Germany, in the marriageable age-group, 
there are 196 women to 100 men. I, together with some Egyptians who were also 
attending the same group, suggested the Islamic teaching about polygamy as the 
only solution. The discussion went on for three days. It was confessed by some 
Germans that polygamy was being secretly practiced in Germany; only they 
could not reconcile themselves to it on sentimental grounds. I gave them the 
figures for Pakistan and pointed out that we had just the reverse problem, with 85 
wornen to 100 men in our country. This occasioned a humorous suggestion in a 
local paper which, under the caption “Splitter” said: “No women surplus in 
Pakistan, Where is the bus to be got? I could just as well take a full one home 
with me.” 


Our food in the camp was adequate but uninteresting. We started the day 
with breakfast, consisting of black bread, jam and coffee (the German variety); 
the mid-day meal consisted of soup and potatoes with a flavoring of meat. At 
eight in the evening we got a piece of cheese and bread. We were told that our 
daily ration of cheese was the same as a German’s weekly ration. 


Throughout the day we met lots of eager listeners, eager to learn about us,. 
about Pakistan and its problems, The foreigners were for them a mystery, they 
never had seen so many from so many different parts of the world. They were 
eager to take us to town, to show us around, to make us feel comfortable, to serve 
us, It almost appeared as if they acted under instructions. At night they came to 
our tents, girls and boys, and they sang and danced for us, till late into the night, 
making us sing and dance too. It was a strange life, of a whirlwind of contacts, of 
a thousand friendships, of loving informality. 

But outside the camp, life had sterner realities. Germany was never so low at 
any other period in its long history. The German problems were the most 
elementary; food, clothing, and housing. I shall briefly describe what I could see 
around me. It may be remembered, however, that Bavaria had no big industry, 
and that it suffered far less devastation than some other parts of Germany. 


The German food position is truly desperate. The monthly ration of meat is 
four ounces. There is even less cheese, fat or sugar. They get fifty pounds of 
bread per month, and only this dark, dry bread keeps them alive, it appears. There 
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is no milk, no tea, and no coffee — they have found a substitute for coffee — a : 
horrible bitter type of herb. One cup of this coffee is sold for half a mark — while 
a cup of real coffee may be obtained on the black market for twenty-five marks. 


Then again there is the problem of currency. While I was there, the new 
currency had not yet been introduced. So ail my observations refer to the old 
Reich Mark. There was inflation in Germany; there was absolutely nothing to sell 
in the shops. There were two classes in Germany; those who had millions of 
marks earned probably on the black market, and the others who literally had 
nothing. We carried out a survey of social conditions among Munich working 
classes. Of those we interviewed there were two manual workers who were shop 
assistants during and before the War; bombed out; now employed in removing 
brickwork for new foundations; working forty-eight hours a week, they both 
lived in one room which cost them fifty marks each. Each earned one hundred 
and fifty marks per month. Each paid insurance, about ten marks. Their official 
ration cost them about thirty-five marks each. This left them with fifty-five marks 
~ with which either to supplement their rations on the black market, or to buy 
cigarettes — at five marks each — or to go in for an article of clothing. 

We interviewed another family of six — they were refugees from Silesia now 
a part of Poland. They were living in a wooden hut, erected in one of the open. 
spaces cleared by bombing. The hut was sunny and clean, but it was a miracle 
how six people squeezed themselves in it. They complained of the insects that 
pestered them night and day in their wooden habitation; complained, when 
questioned of the corruption of officials distributing food, of lack of sympathy 
among Bavarians, and of refugees from other parts of Germany. They would very _ 
much like to go back if they could, but they saw no prospect of it ever being 
possible. For people like them even these worthless marks were grimly vital. 


_ There was a strange reluctance among the Germans to talk of the war. There 
was very little consciousness among them of any war guilt. It was the Nazi Party 
that did it; they were not responsible. Regarding Hitler, I was repeatedly told that 
he had hypnotized the nation. There could be no resistance against him for in his 
armies fought their brothers, sons, husbands. They were silent, cheerless, patient. 
They did not grumble. They had not yet recovered from the daze of their defeat. 
Almost everyone I met had lost some relation in the War. If they were bitter, they 
did not show it. They wanted to forget it. And they wanted to forget not only the 
War they had come out of, but also the coming War, even now being fought on 
the German soil. 

On the way to Munich I was talking to a German engineer. I asked him what 
he thought might be the future of Germany in this struggle between the East and 
the West. With a set face he said: “Half of Germany will fight the other half. We 
shall have to give soldiers to both camps.” And then, pensively, he added: “I 
have four children: two boys and two girls. They boys will become soldiers and 
die. The girls will end — God knows where?” 
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There were surprisingly few outward signs of occupation; in Munich at any 
rate. I seldom, if ever, came upon any American soldiers — the police in towns 
was almost entirely German. The only visible signs of occupation were the very 
large elements of German population speaking English, with the Yankee accent. 
And the notices at railway stations, with “Entrance for Americans” as distinet 
from the “Entrance for Civilians”, 

The Germans tried to make us believe that they did not think of the 
occupation at all. But what they really felt did come out sometimes. I was 
speaking to a girl from Hamburg. She was describing the systematic bombing of 
her town; when they had finished with one quarter, she said, they would start the 
next day exactly at the place where they had left off the day before. I asked her if 
there was any pretence of bombing military objectives. “Good Heavens, no!” — 
she said, and then screamed out: “And that is why we hate them!” Immediately 
after she corrected herself — “why we hated them!” But she had let the cat out of 
the bag. 


And then the Germans sang. That was the most amazing thing about them. 
They could sing anywhere at any time — while bathing, eating, drinking, on the 
trains, on the pavements. One would start a song and fifty others would join in. 
They sang of the sun and the stars and of their loves, and thus they worked 
themselves into a mood of collective mysticism, quite peculiar to their race. We 
in the East too are sentimental, we too are mystics. But our coyeicm is 
individual. 


On the last night before the camp broke up we had what they called “a camp 
fire”. A fire was built up in the center and speeches were made addressing the 
“Fire”. The note of high seriousness was almost alarming. They gradually 
worked themselves into a mood when anyone could have swayed them for good 
or for evil. A young girl near me was weeping copiously. It was her turn to go 
next and speak. There is a very real danger that the Germans may again play into 
the hands of an adventurer. 


But I must end on a note of admiration. The very fact that the Germans, of all 
people, should be holding such youth rallies, testifies to the life of the nation, to 
the vision of, at least, some individuals among them. The way those German 
boys and girls treated us was a marvel in itself. If the Congress succeeded in 
nothing else, it at least gained for Germany as many people who would wish it 
well. When, on the 20th, we left Munich, our hearts were heavy. We felt we were 
leaving very dear friends behind. a 
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Annex IV. “Homage to Chaudhri Muhammad Zafrulla Khan” ~ 
by Abdus Salam. National Perspectives, Vol. 12, No. 2, 1986. 


Chaudhri Muhammad Zafrulla Khan was one of the greatest human beings 
have had the privilege and good fortune of knowing in my life. 


I first saw Chaudhri Zafrulla Khan Sahib in December 1933 at an annu 
gathering. I was then nearly eight years old. I can still see him in my mind’s eye. 
— a very handsome figure with a most impressive bearing. I believe the first 
occasion when he knew of me was when my father wrote to him in 1940 seeking. 
his advice about my future career. He wrote in reply that he would pray for me 
and he offered three pieces of advice. First, that I should look after my health; 
health was the basis of all achievement. Second, in respect of studies, he advised 
that whatever lectures in the classroom were due for tomorrow, I should prepare. 
for them the day before. And whatever I learned today, I should revise the same 
day so that it became forever part of me. Third, I should broaden my mind; in 
particular, whenever I got the opportunity to make an educational journey — or 
even a journey for pleasure — I should take it, for journeying to new places was 
conducive to a broadening of one’s range of interests. 


My first personal contact with Chaudhri Sahib was in October 1946, when I. 
sailed to the UK to join Cambridge University for studies. Our boat — the P. & O. 
Franconia — docked at Liverpool. It was a cold and misty morning. Chaudh 
Sahib had come to the dockside to meet his nephew who was also traveling on 
the Franconia. Chaudhri Sahib was at that time Judge at the Supreme Court of . 
India. When we got down from the boat, our heavy cases — my mathematics and, 
physics books which J had packed in them — were lying around in the customs 
shed. There were few porters due to post-war conditions. Chaudhri Zafrulla Khan 
said to me, “Take hold of the case from one side and I will take it from another 
and we shall carry it to the waiting boat train.” This was an amazing reception for 
a humble student, who had never before encountered such gracious unself- 
consciouness on the part of a personage so highly placed. 

We traveled together to London. During the journey he kept pointing out the 
beauties of the English countryside, of which he was inordinately fond. The 
weather was very cold. Seeing me shiver, he kindly gave me one of his 
(enormously heavy) winter coats. This, in spite of forty years of use, still survives 
in the family. 


I met him again in 1951 when he was the Foreign Minister of Pakistan and 
came to the Princeton Institute for Advanced Study where I was a Fellow. I spent 
two days in his company. He was then attending the General Assembly of the 
_ United Nations. With him I had the privilege of visiting some of the beautiful 
historical places on the East Coast of the United States. Fresh from his 
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memorable duels at the United Nations forum, fought with the highest ranking ~~ 
and keenly brilliant adversaries, on behalf of the Palestinian Arabs, Libya, 
Algeria, Morocco and for Kashmir, my chief recollection of him is of one who 
would not suffer foolsgladly. 


But I really got to know him after 1973 when he came to live at the London 
Mosque after his retirement from the Presidentship of the International Court of 
Justice. He was gracious enough to accept to come to my house at Campion 
Road, nearby, for Sunday breakfast. He spent all his time working on his 
translation of the Holy Book or Books of the Hadith and the like, starting 
regularly at 9 a.m. every day, including Sundays, and could not be interrupted. 

These breakfasts were memorable occasions when sometimes we would go 
over the public episodes in his life which are so beautifully described in his 
books, particularly in his fast memoir, Servant of God. But this does not convey 
the lively details, which he would narrate to us. For example, he tells the story on 
pages 67-69 of his encounter with Mr. Churchill, but he omits the earlier parts of 
this story when Mr. Churchill was cross-examined by Sardar Boota Singh of the 
Indian Party and the hilarity of that examination. Even so, I shall quote here the 
story as he himself tells it to convey some of the wonderful flavor of his 
narration: 


The public sittings of the Joint Committee commenced in the spring of 
1933. A large variety of witnesses, Indian. and British, representing a 
diversity of interests and views was. examined by the Committee. 
Participation in the proceedings of the Committee proved a very instructive 
experience. The most. outstanding witness who appeared before the 
Committee was Mr. (later Sir) Winston Churchill. His examination extended 
over four days. He was firmly opposed to the proposals contained in the 
White Paper. He condemned them lock, stock and barrel. He looked upon 
them as a betrayal ofits trust by Britain. The barrage of questions directed at 
him failed to move him a single inch from his stand. His eyes twinkled, he 
wore a smile, he waved his cigar, he was all courtesy and urbanity, but he 
was utterly unyielding. His questioner could win nothing from him. He held 
his own against all comers. 

Having watched the drama for a whole day, the Punjab Muslim Delegate 
felt that it would serve no useful purpose to cross-examine so formidable an 
adversary as Mr. Churchill. On the morning of the second day the Secretary 
of State accosted him before the meeting was called to order and enquired: 
“Do you intend to put any questions to Mr. Churchill?” 

“No Sir. I consider it would be a profitless exercise.” 

“Well, he is our cleverest debater in the House, and it is no use ievité to 
catch him out on his previous speeches in which he supported Dominion 
Status for India. You have seen how he gets out of them. Yes, Dominion 
Status, but status is one thing and function is quite another. India already has 


642 


Science for Peace and Progress 


Dominion Status. It sent a delegation to the Paris Peace Conference, it is a 
signatory of the Treaty of Versailles, it is a member of the League of 
Nations. That is status. But it is not yet ready to function as a Dominion! He 
thinks India is still what it was when he was serving as a subaltern at 
Bangalore!” 

The Muslim delegate thought it over. His turn came an hour before the | 
close of the afternoon sitting of the Committee. His attitude was deferential, _ 
his tone respectful, bordering almost on the apologetic, with a slight touch of 
deference. Mr. Churchill was cautious, but made a reluctant concession here, 

a grudging admission there, hedged round with ifs and buts and provideds. 
When he perceived that he was letting himself be persuaded to yield his 
ground, he began to evade the question put to him, so that it had to be 
reframed with great care. On one occasion he slipped out of answering the 
question in one direction, and when the question was carefully rephrased he 
slipped out in another direction. The questioner’s tone became even more 
bland, almost humble: “Mr. Churchill I beg to be forgiven. I am under a 
disadvantage. English is not my mother tongue. I have twice failed to make 
my meaning clear. Will you permit me to try once more?” The response was ~ 
gracious: “Please, please.” The question was put a third time in a shape that 
did not admit of evasion. Thereafter both the examiner and the witness 
became more alert. The Committee adjourned. The examination was resumed 
next morning and continued for another hour. When the questioner 
concluded with an expression of thanks to the eminent witness, the witness 
went on record with: “My Lord Chairman, may I be permitted to say that I . 
have not noticed that Mr. Zafrulla Khan suffers any disadvantage from lack 
of knowledge of the English language.” 

When at the end of the fourth day his examination was completed, the.: 
cheers of the Committee had the quality of an ovation. (Mr. Churchill) ros¢ 
from his seat, came over to his Muslim interrogator, shook him by the hand 
and growled: “You have given me the two most difficult hours before the 
Committee.” The questioner acknowledged the growl as if it wer 
accolade and a token of friendship and so it proved. In subsequent meeting: 
the great Prime Minister would every time present him with a volume © 
letters or speeches, and the inscriptions beginning with: “Inscrib 
Zafrulla Khan, W.S. Churchill” went on mounting the scale: “To Zafrulle 
Khan, from W.S. Churchill; “To my friend Zafrulla, from W.S. Churc 
“To Zafrulla from his friend W.S. Churchill.” Magnanimity was not th 
among the many great qualities of the a Prime Minister. 
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Sahib’s memory was faultless, not only 
about persons, but also about dates and 
even times of day, for matters which had 
occurred fifty or sixty years earlier. I also 
recall with great fondness the narration of 
| his United Nations fights with Big 
"Powers for independence of Libya, 
Morocco, Tunisia and Algeria (described 
on pages 179-182 of Servant of God); 
likewise, the heart-warming story of his 
pilgrimage to Makkah, where he was 
King Faisal’s personal guest, narrated on 
pages 279-280. In the recounting of all 
these incidents in his life, what came 
across strongly was the greatness of his 
spirit, his intense love — bordering on 
near-adoration — for the Holy Prophet of Islam, and his own complete reliance on 
Allah and His Divine Will. Also manifest was his love of Persian poetry, of Hafiz 
and particularly of the mystical verse of Rumi in his Diwaun-e Shams Tabriz 
which he could recite without effort from memory. 


82, Zafarullah Khan 


Regarding his love for the Holy Prophet, let me tell a story. Chaudhri 
Zafrulla Khan was taken ill with a back-ache and was confined to bed in a 
hospital in Wandsworth. I visited him in hospital. I took to him Shamail Tirmizi, 
written by Imam Tirmizi, which describes the Holy Prophet’s daily life, his 
looks, what he wore, his daily preoccupations, his family and public life. I said I 
hoped that sometime in the future, if Allah decrees, I would translate this book 
into English. I left it with him and went away to Trieste. 


I came back a couple of months later and went to see him at his residence. He 
presented me with a copy of a translation of Tirmizi into English, already 
completed and printed, with a gracious dedication to me. I was astonished at the 
speed with which he had worked. I mildly protested: “I had wished to translate 
this book myself for my ghufran (salvation).” He said: “You may not have found 
time in the immediate future. So I thought while I was confined in the hospital, 
this would be the most rewarding use of my time.” 


My last travel with him was when he was invited in 1980 to the inaugural 
meeting of the Academy of the Kingdom of Morocco, by its Permanent 
Secretary, the late Dr. Ahmed Taibi Benhima, who knew him from the United 
Nations days. Chaudhri Sahib was then cighty-seven years old — an erect figure, 
commanding, yet benign. I can vividly recall him sitting next to His Majesty 
King Hassan at the banquet and at the subsequent function, receiving the King’s 


The amazing thing was that Chaudhn 


644 Science for Peace and Progress 


personal affectionate homage. I saw the same veneration for him in the streets of. 
Fez from students, soldiers — everyone who heard of his name — for what he had 
done for Morocco’s independence. 


I have earlier said that he was generous — almost to a fault — to those in need. 
The story may not be well-known, but after retirement, he dedicated all his life’s 
savings to charitable purposes. A large part was spent in rebuilding the living 
quarters and offices for the Imam next to the London Mosque, as well as towards 
building the Hail (he did not want any mark, commemorating his generosity, on 
the building). The rest — of the order of half a million dollars — he dedicated to 
setting up a charitable Foundation — the Southfields Trust — to help the needy, 
and for educational purposes. 


One Sunday when he honored us with coming for breakfast, my brother 
protested to him on generally neglecting his own personal needs. Chaudhri Sahib 
said he had asked his yearly pension (of around $32,000 a year) to be deposited 
straight into the bank account of the Foundation he had created. He did not keep 
any part of his pension for himself. But he had an agreement with the Trust that it 
would pay him seven pounds a week for life’s necessities and once a year the 
Trust would permit him an economy fare to Pakistan to attend the annual 
gathering in December. He then added, “I know, through Allah’s grace, I am a 
good advocate, but one judicial case 1 always lose. That is, whenever I plead to 
myself for myself.” 

He had such love for Islam, and such a ghairat (devotion) for his faith, that 
one could not come away from his company without being fired with his spirit. It 
is well-known that he spent the last years of his life occupied with his translation 
of the Holy Qur’an and the introduction to it, his magnificent biography of the: 
Holy Prophet (Muhammad, Seal of the Prophets), published by Routledge & 
Kegan Paul Ltd. of London, with translations of works of Hadith, as well as 
several works on Islam, creating single-handedly a veritable one-man Library of 
Islam in the English language. He said he had ieft the International Court of 
Justice, where he could have continued for another term of office, to serve Allah. 
As he says himself, “Gradually, over the years, the consciousness of God as an 
‘experienced reality, rather than as merely believed phenomenon, was 
strengthened.” 


His Jove for his long-departed mother and the lessons he had learned from 
her were often repeated for us. In his book, on page 297, he quotes her as saying, 
“Tt is no virtue to be kind to someone we like; virtue is to be kind to those we do 
not like”; and then, “A friendship is for ever, else it is no friendship at all.” A 
mark of this, and a real privilege, was to be included in his prayers at Tahajjad 
every morning when he said he prayed for three hundred persons, naming each 
one individually. His own oft-repeated saying used to be: “Call to mind when 
your Lord declared: If you will employ My bounties beneficently, I will surely 
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severe indeed.” (Al-Qur’an, 14:8) 


I cannot do better to close this note, than by quoting from the last words of 
his last book Servant of God, where he speaks about himself. 

His career as a public servant came to an end with the expiry of his second term 
on the International Court of Justice. He was called to the Bar at the age of twenty- 
one years, practiced as a lawyer for twenty-one years, held executive office in India 
and Pakistan for fourteen years, was a Judge, national and international, for twenty- 
one years, and a diplomat for three years. He has worn many hats, but the one he 
now wears is the most honorific of all, and brings him the greatest satisfaction. He is 
now wholly the servant of God, for which honor and all praise is due to God. His one 
care and concern is that his Gracious Master may be pleased with him, and may 
continue to afford him, for such time as He may, of His grace and mercy, grant him 
here, opportunities of serving Him and His creatures, and bestow upon him the 
strength and ability to perform that service in a manner acceptable to Him. Of his 
own he has nothing to devote to His service; life, faculties, capacities, means, 
relations, friends are all His gifts. He supplicates for wisdom and strength to employ 
all his gifts in His service, to the winning of His pleasure, to the true service of his 
fellow beings. For himself he only seeks fulfillment in his Gracious Maker, Creator 
and Master. He hopes for His mercy, His forgiveness, His forbearance. May He 
continue to cover up all his numberless faults, defaults, shortcomings, vices, sins, 
disobediences and transgressions under the mantle of His mercy, and safeguard him 
against humiliation here and hereafter. May He wash him clean of all impurities so 
that death, when He is pleased to send it, may prove to be a gentle transition from 
illusion to reality, from faith to fulfillment and utter submission. Amen. All praise 
belongs to Allah. ie 


Annex Y. “Poor as a Nation” by Abdus Salam. Transcript of a talk to 
Pakistani students, 1987. First published in The Ravi (Government 
College, Lahore), Pakistan’s Golden Jubilee Issue, 1997, pp. 4-11. 


I was admitted to Shang College, Pakistan, in 1938 at the tender age of 
twelve. I spent four years there. In those days it was an intermediate college, 
grades nine, ten, first year and second year classes were taught there. The 
majority of students in the college were Hindu. It was my good fortune that I had 
some of the exceptionally learned and most affectionate teachers assigned to me. 
Shaikh jaz Ahmad was my English teacher, Soofi Zia-ul-Haq was my Arabic 
teacher, Khawaja Miraj-ud Din taught Persian language, while mathematics and 
science subjects were taught by Hindu as well as Sikh teachers. Science and 
mathematics in those days were considered to be the domain of Hindu and Sikh 
students. Lala Badri Nath and Lala Ram Lal taught mathematics with great 
’ proficiency, while Lala Hans Raj taught physics, and chemistry was taught by 
Lala Naubat Rai. 

The foundation of my academic career was laid in this college. I believe that 
I owe all of my later accomplishments to this institution and to its hard-working 


multiply them unto you; but, if you misuse or neglect them, My punishment i is." 
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teachers. I firmly believe that a teacher’s affection and his proper attention can 
make or break a student. To give an example, in my first year of college I got 
into the habit of using some English words which I liked very much. I started to 
use these phrases in my daily conversation without proper context. My respected 
teacher, Shaikh Ijaz Ahmad, forbade me to use such difficult words but the 
advice fell on deaf ears. When the semester ended, my English teacher penalized 
me by deducting five points for every difficult or improper word J had used. The: 
outcome of my English exam was quite obvious. My teacher did not consider it 
sufficient and decided to bring my paper to the classrooms, to announce in the 
entire school how I had used improper English words in my examination. At the 
time J did not appreciate the treatment meted out to me by my teacher but now I 
think back and feel that it was the proper medicine administered to me. The net 
result of this shock therapy was that I stopped using difficult words altogether. 


The education I received was due, in large part, to my teachers, but it was 
above all to my illustrious father’s benign attention and his fervent prayers for 
me. In those days matriculation exam was more like a wrestling match in the 
province of Punjab. Wrestlers from various schools would show their prowess 
through this exam, especially students from Hindu Sanatan Dharam and Arya 
schools were considered to be formidable wrestlers, I vividly recall the day 
matriculation exam results were out. I was sitting in my father’s Jhang 
courthouse office. The exam results were published in newspapers from Lahore 
and on that day the newspaper arrived around lunch time at Jhang railway station. 
My father had instructed one of his subordinates to bring the newspaper to him 
right away, and in no time telegraphic messages of congratulations started 
pouring in from Lahore. As I mentioned, matriculation exam results were sort of 
a national event in those days. I remember returning home around 2 p.m. in the 
afternoon on my bicycle from Maghiana to Jhang city. I had to pass through the 
District Police Gate of Jhang city to reach my home in Buland Darwaza. I 
distinctly recall that those merchants, who normally would have closed their 
shops due to afternoon heat, were standing outside their shops to pay homage to 
me. Their respect for me, and their patronage of education, has left an indelible 
impression on my mind. . 


From Jhang I went to Government College, Lahore and then to Cambridge, 
England. In Cambridge I experienced and learned a variety of new methods of 
study from English students. In' Cambridge, students sit in their classrooms in 
such a respectful manner, as Muslims sit in a mosque for prayers. Before the 
lecturer’s arrival there is pin-drop silence. During the lecture you could see that 
students used ball-point pens with four types of ink and rulers to draw straight 
lines.. Students’ note-pads were written in such a professional manner as if 
written by a calligrapher. My classmates had come to Cambridge straight from 
schools. They were younger than me in age but their self-reliance and high 
resolve was of such a degree that it took me two years to achieve the same 
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standard. My class-mates had studied in such schools where teachers ‘prepared 


their pupils for advanced education and reminded them that they were sons of a ae 
great nation in which was born a man like Sir Isaac Newton. The teachers drilled 


in the children’s minds that they had inherited the deep knowledge of science and 
mathematics and they too could become Newtons. 

In Cambridge, the method of discipline was completely new and surprising 
for me. You could sit for the B.A. exam only once. If heaven forbid you failed 
once, then you could not sit for this exam again. The discipline in student hostels 
required every student to be back in his residence by 10 p.m., if you came back 
before midnight the fine imposed was one penny, but if a student returned after 
midnight, the penalty was gating for a period of seven days. If it happened three 
times during the academic year, a student was expelled from the university. 
Every student was treated like an adult, he was accountable for all his deeds. A 
student did not engage in useless discussion as punishments were equally 
exemplary which some students accepted with fortitude. 

A Cambridge student was expected to do some work with his hands as well. I 
remember my first day at St. John’s College in London, England. When I arrived 
there, my forty kilogram luggage bag was brought from the railway station by a 
taxi driver. On arrival at the college I asked a porter for help. He pointed towards 
a wheel-barrow and told me to help myself. These incidents I am narrating here 
not for the sake of pastime, but the subject at hand is education, whereby these 
anecdotes become part of getting a point across. 


You must ponder over the fact that there_is a vital link between our economic 
downfall and education. Misleading and rather inappropriate education is in fact 
a national crisis right now. I believe that our nation is passing through a grave 
crisis for which the reason is that a proper educational system has not been 
developed. 

The primary purpose of an educational system, in my view, is to develop a 
person’s character. A character that is developed during school years seldom 
changes for the rest of a person’s life. Here, however, I am not going to dwell on 
personal character. My reference is towards national aspects of our educational 
system. God Almighty has, at last, endowed us with freedom after two hundred 
years of slavery. This momentous event took place some forty years ago but up 
to now we have not cultivated any feeling of belonging, brotherhood, oneness, 
and of being a unique nation. 

The fact of the matter is that once we had achieved freedom, it should have 
been the primary objective of our educational system to strengthen our sense of 
belonging and nationality. The idea of nationality has been gradually changing in 
various regions of the earth but in today’s world many countries can be cited 
whose consolidation as a nation solely depended on the type of educational 
system they developed for themselves. Take for instance the United States of 
America where Germans, English, Italians, Swedish and French people are living 
_ as one great nation. The reason I mentioned America here is that people from 
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these European countries gave their lives during the last world war for the sake of 
a separate identity. These people in the United States spoke various languages 
before they arrived in America. In schools the American children are familiarized 
with the American constitution, American folk heroes are always at the tip of 
their tongues, day and night these kids listen to the American national anthem. 
American poets, writers, and novelists write their pieces in such a way that every 
nook and corner of America is loved by one and all. Every American is taught to 
love his city that is why an American citizen considers himself to be a citizen of 
thousands of cities. Far-off places of Europe from where his forefathers came to 
US do not bring any emotion or feeling of belongingness. He feels that his 
livelihood and daily life depends on American soil and that he only belongs to 
America. He strives day and night to. promote the state or his city where he lives 
and all this is taking place through schools, colleges, newspapers, magazines and 
television. It is the crying need of the hour that our education system should 
consciously promote this vital feeling of belongingness. 


My second request to you is concerning the education and promotion of 
science and technology. India and Pakistan are economically backward countries; 
here an average person earns seventy dollars a year. In contrast an American 
earns fifty times more, while a person in England earns twenty times more, in 
Japan fifteen times, in Iran eight times, in Turkey eight times, and in Iraq, 
Algeria, Syria and Egypt six times more. My question to you is: Why are we 
poor as a nation? I totally agree that our national wealth was stolen by the British 
during their rule over our areas. The question arises, how did we become British 
slaves? 

If the British knew the art of sea-trave] and we did not, then who taught them 
this art in the first place? If Robert Clive’s flint lock rifles and guns had a greater 
craftsmanship than those of the Muslim King Siraj-ud-Daula, then may I ask who 
taught the British this art of making superior guns? Did they not invent this art 
themselves, and having invented it, did they not master it through education in 
their country? 

In the famous battle of Panipat, the great Muslim conqueror Babar, won the 
day due to his use of superior Roman guns. The Turks developed these guns ‘in 
more sophisticated ways after its invention in 1526; however, Emperor Babar’s 
children did not care to introduce any sort of an institution in India that would 
have developed this art even further. If you happen to visit Constantinople (now 
Istanbul), you will find that the Turkish idea of a mosque was that on one side of 
the building would be a hospital and a school (or madrassah) on the other. This 
madrassah or place of learning was not to be for the purpose of teaching religious 
education alone but rather to teach the art of gun-making as well. Unfortunately, 
those Turks who came to India were not interested in promoting education and 
learning. They have left behind as their legacy, splendid mausoleums and graves 
as a reminder, but, alas, no schools or places of learning for people of the Indian 
continent. 
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Let me ask you this: if God Almighty has bestowed the American people. “ ot 
with plenty of food and a yast continent, then is it not due to their sheer ° 


determination that brought them to an unknown land across the oceans? If the 
Japanese industry has gained worldwide reputation, then how much of it is due to 
their well designed educational system? God’s angels do not descend on 
Japanese to teach them new technology. There was a time when Japanese goods 
and products were considered to be of inferior quality, but today it is deemed to 
be of a much superior quality in technical terms. Do you know that British 
Leyland started to manufacture mini Mortis and the next thing, the Japanese 
produced a car the size of mini Morris but instead of a 1000 c.c. engine it was 
600 c.c. with the same amount of engine power. How can it be? Twenty years 
ago an American, Professor Townes invented the transistor and was awarded a 
Nobel Prize for his revolutionary invention. To find out the true nature and 
internal working of the transistor, the Japanese started their work in Tokyo 
University right away. The Japanese efforts bore fruit in such a short span of time 
that since then the Japanese are considered to be the masters in the field of 
electronics. Not only did they rediscover the transistor but they published the 
secret of the transistor in a magazine so that any Pakistani, Arab, or Iranian may 
make use of it in case he could develop the transistor technology a little further. 
These champions of knowledge, who are they anyway? Would you believe that 
these Japanese are the people who did not know the art of making a horse-shoe? 
It is said that when American Admiral Perry came to Japan with his armada of 
ships, the Japanese tried to block his entry into their harbor but the American 
bombardment forced the Japanese to let Perry’s ship enter into the harbor. One 
night, a horse was stolen from the Admiral’s ship and returned the next day. The 
mystery behind the strange theft was that the Japanese wanted to see the 
horseshoe as their science of metallurgy had not been developed to a point where 
they could make a horseshoe in Japan. 

In Japan the exam season is considered to be the suicide season for Japanese 
students as the admission for higher studies depends on the results of 
matriculation exam. The standard of this exam is so high that none of the school 
children in any other part of the world sits for such a tough series of exams in 
physics and chemistry. During the exam period nobody ever leaks the contents of 
the questionnaires, no one goes on strike, nobody breaks windows of the 
buildings where these exams are held. The entire nation, parents as well as 
students, are gripped in this exam frenzy and they all accept the outcome of 
exams with the usual Japanese style. 


During the month of September, I was fortunate to visit the People’s 
Republic of China. A Chinese student enters the Grade 8 (or middle school) at 
the age of twelve and at seventeen his school career is just about over. These 
grade eight schools are equivalent to intermediate college in (Indo-Pakistan). 
Chinese student has to study the following twelve subjects of which none is 


technique in China. Their national life started two years after ours, but their 
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elective: Nationalism, Chinese language, two foreign languages (English, 
Russian or Japanese), Mathematics, Physics, Chemistry, Biology, Agriculture, 
History, Geography, Arts, Drama, Music, and Workshops. 

Every student has to study twelve complete subjects. Chinese educationists 
have made up their minds that every student must study science as well as arts. 

Perhaps, one may surmise that due to compulsory teaching of science, the 
level of sixteen or seventeen year old students would be lower as opposed to our 
intermediate level. To find out the truth myself, I attended math and physics 
classes in a school in China. I was awestruck to find that a barely fourteen year 
old was learning orders of infinity. In our part of the world we learn orders of 
infinity at the B.A. level. 

The Chinese people are now determined to introduce every new industrial 


determination and sheer resolve has resulted in the fact that during these forty _ 
years they have learned and mastered science of electronics to its fullest. They < : 
started iron casting at 40,000 tons a year and now it is equivalent to 200,000 tons 
a year. They can now manufacture sophisticated machine tools. Every Chinese 
student spends one day in his school or university workshop in order to practice 
his craft. The aforementioned school [I visited had fourteen to sixteen year old 
students making transistor components. Another group was bringing the mineral 
potassium carbonate to its grinding titration and packaging it in bottles for 
marketing purposes. A group of four students, aged twelve were repairing shoes _ 
for the rest of their classmates. One of the girls in the group said that we should. 
Jook at the windows of the particular room, which were adorned with curtains. 
The girl said that when they started repairing shoes they were sort of shy and felt 
repulsive to repairing smelly shoes; to overcome this problem they covered th 
windows with curtains. Gradually they got used to it and now no one is sh 
all. I believe that it is imperative for our school children to be productive du 
their school years. In all of China students and teachers from various schc 
colleges, and universities spend their summer holidays in factories and at f. 
in the countryside. 

Perhaps you may think that I am exaggerating the situation a bit 


thirty foot wide Dragon sea canal right behind the Royal Palace, “ll of flies and 

disgusting filth and was, perhaps, not cleaned during the past. ‘three hundred 
years. But now Beijing is one of the cleanest cities and the credit does not go to 
the sweepers, but it was cleaned by lawyers, teachers, students, politicians and 
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store-keepers. This job was done by student unions and in fact they were a 
forefront of this movement. 

It is true that the Chinese system is working in such an efficient manner 
because it is egalitarian. A Chinese government minister goes to his office on his 
bike and he will use an official car only when he is to receive a foreign visitor. 
The effect of this exemplary behavior is that the Chinese nation is willing to 
sacrifice. However, the fact that the Chinese nation is determined to learn 
technology has no bearing on the system itself. 


While talking about China, I have digressed from my main topic to some 
degree. I was relating to you that the British people invented and introduced 
industrial techniques and they have disseminated the same through proper 
education. If Japan can teach skills to its workers without having natural or other 
resources, if the Chinese expect from every child to learn some sort of science or 
skill and will teach others as well, and if all these nations are endeavoring to 
eradicate poverty through these methods, then is not there a lesson for us? 


One might say that poverty itself is a menace because if a man is hungry then 
he has no time or inclination to develop his mental faculties. In this context I 
cannot help but relate to you an incident that took place in Germany some forty 
yéars ago, In 1948 I was a student at Cambridge University. Germany had lost 
the war and the entire German nation was feeling the distressing effects of this 
crushing defeat. The American Control Commission invited students from 
Cambridge and other European universities to visit Germany and see the plight of 
the German nation. Around five hundred students from all over Europe arrived in 
Munich. 

Not a single building structure was left intact in the city and it seemed that 
the inhabitants of Munich were living in pigeon holes. We were to stay in huge 
tents in a city park. I had learned from someone that a German scholar was 
looking for me, One day, I met this scholar who was just a human skeleton. He 
was employed in a German war camp where there were some Punjabi prisoners 
as well. He learned from these Punjabi soldiers that I had arrived in the city. He 
was learning the Punjabi language from these soldiers as he was compiling a 
German-Punjabi dictionary in 1947. The books he had in his possession were 
Heer Waris Shah and an old copy of Duila Bhatti published from Lahore. As he 
was experiencing difficulty in understanding some verses from these books he 
decided to meet me so that I could explain to him some of the passages. 
Unfortunately, those passages were rather difficult for me as well, and 
consequently I could not be of much help to him. Now think about that incident 
for a moment. J don’t know whether that dictionary was ever published and if it 
was, then how many people made use of it, but this is a story of knowledge 
loving people. A nation whose total GNP is knowledge of science, technology 
and languages. The people of such a great country know that compiling a 
German-Punjabi dictionary may be fruitless but they will not waste time in 
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playing cards or going on strikes or watching useless movies. They consider their 
time during university years to be extremely valuable; they learn and teach 
others, perhaps there is a great lesson for us. 


In this context 1 would like to relate a story which was told by the great 
Chinese leader Mao and invariably you will hear this from almost every person 
in China. 

Once upon a time, an old man lived in northern China whose name was Mr. 
Unlettered. The old man’s house faced south and there were two huge mountains 
Bang and Wang, situated right in front of his house. One day, he suggested to his 
children that they should start digging these mountains away. His neighbor 
whose name was Mr. Intelligent said to his foolish neighbor that he knew he was 
a stupid old man but not this stupid as to remove those mountains by digging 
away with his hands. The old man replied, “My friend, you are right but 
remember if I die, then this work will be carried on by my children, when they 
die, by their children, then when those kids die it will be carried on by their kids 
and this digging will go on and on and on. These mountains are not going to 
grow any taller. Every day we dig they are reduced in size and hopefully this 
menace will be completely removed from the front of the house.” On hearing the 
old man’s tale God Almighty sent two angels, who immediately removed those 
old mountains in no time. 

Our society is inflicted with menaces like these two mountains. Try to 
remove them from your surroundings with patience. God will have mercy on you. - 
one day. Do not be afraid if your endeavors don’t bear fruit, but keep on cone : 
your job, and God will indeed bless your efforts. 0 a 
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Afterword 


Dr. Katepalli R. Sreenivasan 

Abdus Salam Research Professor and Director, 
The Abdus Salam International Centre for Theoretical Physics, 
Trieste, Italy 


Professor Abdus Salam makes a dramatic copy for a biography. He was born 
into a relatively poor family but made good in incredible ways; he was from a 
poor Asian country with no strong traditions of doing modern science but broke 
through those barriers by doing great physics and attaining the pinnacle of glory 
in the western world; he was the conscience of good science in all developing 
countries; he felt deeply for the lost glory of the Islamic World and agonized 
over it with untold burden; he created such fine institutions as ICTP and TWAS 
and provided them with inspiring leadership; he was admired by scientists all 
over the world. He was extraordinarily colorful as a scientist and a human being 
and an intellectual of the first order. He lived like a prince but died in agony. In 
short, he was many wonderful things -- all in one lifetime. 


It is thus not a surprise that there is an increasing interest in Salam’s rich and 
varied life and accomplishments. The troubled times of today are especially 
appropriate for taking this interest because here was a person who professed 
unabashedly to drawing inspiration from the Qur’an but demonstrated without an 
iota of doubt that this connection did not interfere with his scientific prowess — ~ 
indeed, in his mind, his religious outlook added to the richness of his science. , 
Here was a person who succeeded more than once, against many odds. 

Several people have thus recently expressed interest in writing about Salam 
or making movies of his life. This renewed interest has led to requests from 
various potential authors for access to Salam’s files and to people who knew him 
well. [have made all the catalogued material available to all, but must admit to a 
misgiving for one reason alone: that very few people have demonstrated the 
ability to view Salam’s complex personality sympathetically and in totality, 
without depriving the posterity of the contradictions of his life and without 
deifying him, and yet to draw critical lessons from it. My belief is that Salam, 
who was clearly aware of his special status, would have wanted nothing less. 
There is no progress otherwise. 

Viewed in this background, the present book by Professor Anwar Dil may be 
regarded as untypical in its purpose. I have had an opportunity to examine the 
book’s contents even as it was under construction, and experienced the 
commitment that the author had shown for his other projects. I am convinced 
that you, the reader, will feel similarly about the outcome.The book speaks to 
Salam’s accomplishments with passion but no pretense. I am thus pleased to 
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- have been asked by Professor Dil to write this Afterword. You will see why 
Salam is one of my heroes and why J am happy to write about him. 


Salam’s place in physics is described in several places, but it is useful to 
understand it in his own words. In an undated popular talk given sometime after 
1979, Salam described his work as a major milestone in the quest for unification 
of forces of nature. He first described Newton’s role in the unification of 
celestial and terrestial gravitation — an idea that is now commonplace, but 
undoubtedly revolutionary at the time. Then came Einstein’s theory of relativity 
that defined gravitation through the curvature of the space-time manifold. space 
and time were never again to be considered in separate terms. 

On another branch of unification, Faraday realized that electricity and 
magnetism were two aspects of the same physical phenomenon, and Maxwell 
wrote down his beautiful equations describing the theory of electromagnetic - 
radiation. 

The next set of forces deals with nuclear structure. The weak force is the 
second weakest after gravity, responsible for radioactive decay and neutrino 
interactions. Enrico Fermi understood the basics of weak interactions while 
studying the decay of radiation. The weak force occurs in the decay of nuclear 
particles requiring, as learnt later, a change of a quark of one flavor to another. 
The theory that desribes the unified electromagnetic and weak interactions is the 
Standard Electroweak theory, which, in large part, is the work of Sheldon 
Glashow, Abdus Salam himself and Steven Weinberg, for which they shared the 
1979 Nobel Prize. 

The strong force is short-ranged, acting over ranges of order 10°? cm and is 
responsible for holding together the nuclei of atoms. It is important for both. © 
nuclear fission and fusion. Despite existing gaps, there is strong evidence to 
suggest that a theory that unifies strong forces with electroweak forces is. 
required to make sense of the Universe. Salam played an important role in the ee 
development of this part of physics as well. os 

The quest for unifying all forces including gravity has been the focus me: - 
attention in high-energy physics, and one sustained effort is the string theory in 
its several manifestations. It has come under attack recently for not having yet. 
produced tangible physical results but there is little doubt that it has been a very. 
stimulating construct that may ultimately begin to answer important physics 
questions. 

Within this grand construct Salam placed himself in an important po 
and rightly so. He had several abiding technical interests suc! 
renormalizability, non-Abelian gauge theories, and chirality. The importan 
the Standard Model, which he helped shape, was realized more completely w 
Gerard ’t Hooft proved its renormalizability in 1972 and the experi 
confirmation came about in 1983 at CERN. 

Physics has moved on. The recent major experimental developments in 
cosmology have introduced remarkable changes in the outlook of th Stan ard 
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Model of quarks and lepton, and have deeply modified the views prevailing at 
the time of Abdus Salam. Even a normally conservative person today would say : 
that we are witnessing a turning point. Recent experimental findings, which have 
led to the 2006 Nobel Prize to John Mather and George Smoot for their 
discovery of the blackboy form and anisotropy of the cosmic microwave 
background radiation, have introduced an entirely new view of the constituents 
of the Universe. It appears that the overwhelming majority of our scientific and 
technological knowledge has been confined so far to about 5% of the Universe 
related to ordinary matter — both inanimate and living. Determining the nature of 
the missing 95% of the Universe is amongst the most important problems in 
modern cosmology and particle physics — something that was unforeseen in 
Salam’s time. 

Changes in physics have come from another direction as well. Conviction is - 
growing that reductionism, cornerstone of much of the 20th century physics, has 
serious limitations of principle despite its enormous successes; that a deductive 
link does not exist between the finest constituents of matter and phenomena that 
occur on the human scale; that one needs an equally deep understanding of the 
so-called emergent phenomena regulated by higher organizing principles; that 
these organizing principles are equally deep in both content and structure. 
Perhaps it is too much to say that physics at the turn of the 21st century is 
undergoing a crisis similar to that at the turn of the last, but there i is no doubt that 
the subject is changing its indscapr: 


It is sometimes said that every great man has had at least one great idea. 
Salam may be said to have had two: the electroweak theory and the ICTP. As a 
physicist and as a human being concerned about poor countries and with 
scientists from there, Salam was simply admirable. He is one of my heroes, and | 
am honored to hold a professorship in his name. 


One of Salam’s well-known quotes, adopted as one of ICTP’s driving 
mottos, is that “Scientific thought is the common heritage of mankind”. In the 
scientific legacy of our species, many countries and cultures have indeed made 
crucial contributions — some, no doubt, more than the others. This subject -is 
worthy of deep study and cannot be reduced to clichés. Salam’s core concern 
was that science had become the province of the West in recent three or so 
centuries, and that the situation needed to be altered if the world as a whole were 
to share the benefits of science. He particularly bemoaned the fact that science in 
Islamic countries had fallen into dark times, and, both privately and publicly, 
cajoled Muslim scientists to change the situation in all possible forms. 
Unfortunately, his considerations on this score remain valid, by and large, even 
today. 


One should, however, not forget the reasons why the West has been able to 
gain the ascendancy in science and technology. The West is not innocent in how 
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it has appropriated a good part of the world’s wealth and resources; indeed, th 
is no doubt that this propensity has played a major role in its recent rise to po' 
and plenty. In so far as it concerns science, however, this pre-eminence lies init 
ready acceptance of factual evidence, wherever it may have come from an 
wherever it may lead to; the courage to make risky hypotheses but’ the: 
willingness and discipline to subject them to the rigor of experiment 
verification; a strong focus that does not permit solace to be found in subjectiv 
experiences or in the authority of a text. It is not as if the West of yesteryeuars, 6: 
of today for that matter, is flawless in its pursuit of truth — one only has to recal. 
the fate that befell Galileo and the modern-day rise of creationism. Even so, the: 
underlying qualities remain as stated in so far as it concerns the best science that 
we have inherited. It is the willingness — indeed eagerness — to challenge and be: - 
challenged that allows us humans to comprehend the universe and our place init. 

If the rest of the world catches up on: these traits, Salam’s dream in its best ©: 
sense will have come true. The institutions he created, namely the ICTP and 
TWAS, and those of us who have followed the footsteps and tried to fill his large 
shoes, will be proud to be part of his dream. 


Trieste, August 27, 2007 


83. Anwar Dil, K.R. Sreenivasan, Afia Dil at ICTP, July 2007 
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It is a great privilege and honor for me to 
contribute the Foreword to this important book 
dedicated to the life and work of Professor Abdus 
Salam. Abdus Salam was one of the profoundest 
physicists of the 20th century. He not only left a 
lasting mark in physics but also in the hearts of 
thousands of physicists, who owed their academic 
survival and development to the International Centre 
for Theoretical Physics (ICTP) in Trieste, which is 
now very appropriately named after him. ... It is 
indeed gratifying that a research scholar of the 
stature of Dr. Anwar Dil has undertaken the task of 
writing books on eminent men of letters and 
scientists of our time including Norman Borlaug, 
Raziuddin Siddiqi, M.S. Swaminathan and now 
Abdus Salam. This indeed is a commendable effort 
which deserves the highest appreciation and would 
go a long way to inspire our younger and future 
generations, The material on Abdus Salam has been 
immaculately selected, edited, and introduced. T am 
sure it wil! bring out that most distinguished aspect 
of Salam's personality, namely, that he combined 
scientific excellence with doing social good. ... I 
recommend this excellent book on Professor Abdus 
Salam's vision of science and technology for world 
peace and prosperity to readers and libraries around 
the world, 
Dr. Riazuddin 
National Professor and Director General, 
National Centre for Physics, Islamabad, 2007 


Professor Abdus Salam makes a dramatic copy 
for a biography. He was born into a relatively poor 
family but made good in incredible ways; he was 
from a poor Asian country with no strong traditions 
of doing modern science but broke through those 
barriers by doing great physics and attaining the 
pinnacle of glory in the western world; he was the 
conscience of good science in al] developing 
countries; he felt deeply for the lost glory of the 
Islamic World and agonized over it with untold 
burden; he created such fine institutions as ICTP and 
TWAS and provided them with inspiring leadership; 
he was admired by scietilists all over the world. He 
was extraordinarily colorful as a scientist and a 
human being and an intellectual of the first order. 

: Dr. K.R. Sreenivasan 
Abdus Salam Professor and Director, 
1C°TP, Trieste, Ytaly, 2007 
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Abdus Salam (1926-96) was 
born in Jhang, Punjab 
Province, British India, He was 
educated at M.B.S. Middle 
School and Government 
College at Jhang; Government 
College, Lahore where he 
eared B.A. Honors and M.A. 
in Mathematics; and Ph.D. in 
Theoretical Physics from 
Cambridge University. He had 
a distinguished career in 
teaching, research and administration as Professor and 
Head of Mathematics Department at Government Coflege 
and Punjab University, Lahore (1951-54); Lecturer in 
Mathematics, Cambridge University (1954-56); Professor 
and Head, Department of Theoretical Physics, Imperial 
College, London (1957-93); Founder-I)irector, 
International Centre for Theoretical Physics, Trieste, Itaty 
(1964.93); Founder-President, Third World Academy of 
Sciences, Triesto (1983-94); and held several important 
advisory positions in Pakistan, United Nations, UNESCO, 
United Nations University and other international 
scientific organizations and projects. He was the recipient 
of thirty-six honorary doctorate degrees from around. the 
world; and author of nearly three hundred research papers 
and several books notably Zgbal Memorial Lectures: 
Symmetry Concepts in Modern Physics (1966), Ideals and 
Realities (1984), Unification of Ftindamental Forces 
(1990), Science and Technology. Challenge for the South 
(1992), Renaissance of Sciences in Islamic Countries 
(1994), 


Anwar Dil was born 
in Jullundur, Punjab, 
and raised in 
Abbottabad in the 
North-West Frontier 
Province, Educated 
at Government 
College, ‘Lahore; 
Islainia College, 
Peshawar, University 
of Peshawar (M.A.);University of Michigan (MLA.); and 
Indiana University (Ph.D.). He was Professor of 
Language Science and Communication at United States 
International University in San Diego, Catifornia (1973- 
2003), and is Professor Emeritus at Alliant International 
University (2003-}. In Pakistan, he served for sixteen 
years as Lecturer in English Literature at Govermment 
College, Dera Ghazi Khan, Sahiwal, and Lahore; and as 
Professor and Language Specialist at the West Pakistan 
Education Extension Centre, Lahore. He is the author and 
editor of over forty books including nineteen volumes in 
the distinguished Language Science and National 
Development Series published by Stanford University 
Press, His internationally acclaimed books, among others, 
include: Humans in Universe (with Buckminster Fuller, 
1983}, On This Earth Together (1994), Norman Borlaug 
on World Hunger (1997), Science, Education, and 
Development (2002), Toward a Hunger-Free World 
(2004), His absiract-calligraphic paintings are in the 
collections of connoisseurs around the world. 


660 Science for Peace and Progress 


Back Title Cover 


Science/Technology/World Development/Biography 


Dr. Salam was an unparalleled leader of scioncc for socicty. In this respect he 
resembled Albert Einstein, who once said, “Concern for man himself and his fate must 
always form the chief interest of all technical endeavors in order thal the creation of our 
minds shall be a blessing and not a curse.” Dr. Salam's life and work will contine to inspire 
generations of young scientists not only in the developing werld but all over the world. 

E commend Professor Anwar Dil's book because it documents admirably the development of 
Abdus Salam as a socially commitied scientist and his exemplary service 10 scientific progress for 
human welfare. 

Prof. M.S, Swaminathan 
President, Pugwash Conferences on Science and Woskd A flairs; 
Chairman, M.S. Swantinathan Research Foundation, Chennai, India, 2007 


Abdus Salam was one of the great spirits of our timo, grcat as a scicntist, greater as au organizer, 
gyeatest as the voice of conscicnce speaking for the advancement of science among the poorer bvo 
thirds of mankind. I met bim first m England when he was twenty-four, a student recently arrived 

: from the turmoil of newly mdependent Pakistan. J was then supposed to be a leading expert on the 
i e theory of quantuin clectradynamics, I quickly found out that Salam knew as much about that subject 
as ] did. He asked me for a topic for his research. I pave him the topic of overlapping divergences, a 
highly technical problem that had defeated me fortwo years. He solved itin a few months. 
i ‘ i Prof. Freeman J. Dyson 
i Ree Professor, (nstitute of Advanced Study, Princeton, USA, 1999 


Abdus Salam’s life was gentle, and the clements 0 mixed in him that Nature might stand up and 

say to the world: “This was aman” 
Prof. Sheldon L. Giashow 
1979 Nobel Physics Laureate, Harvard University, 1996 


The South Conmission Report would bave been very different and much less useful without 

his contributions, 
President Julius Nyerere 
Chairman of South Comunission, Former President of Tanzania, 1996 


Professor Salam will forever be remembered as a man of exceptional achievement and human 
qualities, 


Dr. Federico Mayor, Director Gencral, UNESCO, Paris, 1996 


He was also deeply concerned about the proliferation of nuclear weapons and served on many 
high-level committees involved in the promotion of international peace and callaboration and in the 
development of peacefuluses of atomic energy. The Times, Landon, November 26, 1996 


Most of the scientific effort in Pakistan is in a large measure due to Professor Salam's 

imagination and the weight of his personality. Salam is a symbol of the pride and prestige of our 
_— nation inthe world of science. 
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i | | Chairman, Pakistan Atomic Energy Commission, 1967 
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De, Salam was an uoparalleled leader of science for socicty. In this respect he 
resembled Albert Einstein, who once said, “Concern for man himself and his fate must 
always form the chief interest of all technical endeavors in order (hal the creation uf our 
minds shall be a blessing and not a curse.” Dr. Salam's life and work will continne to inspirc 
Henerations of ynung scicniists not only in the developing werld but all over the world. 

E commend Professor Anwar Dil's book because it documents admirably the development of 
Abdus Salam as a socia!ly committed scientist and his exemplary service 10 scientific progress for 
human welfare. 

Prof. M.S, Swaminathan 
President, Pugwash Conferences on Scicnce and World A Hairs; 
Chairman, M.S. Swaminathan Research Foundation, Chennai, India, 2007 


Abdus Salam was one of the great spirits of our timo, grcatas a scicntist, greater as an organizer, 
greatest as the voice of conscience speaking for the advancement of science among the poorer bvo. 
thirds of mankind. I met him fist m England when he was bventy-four, a student recently arrived 
from the turmoil of newly independent Pakistan. J was then supposed (o be a leading expert on the 
theary of quantuin clectradynamics. [quickly found out that Salam knew as much about that subject 
as] did. He asked me for a topic for his research. I gave him the tupic of overlapping divergences, a 
highly technical problem that had defeated me fortwo years. He sulved it ina few months. 

Prof. Freeman J. Dyson 
Professor, (nstitute of Advanced Study, Princeton, USA, 1999 


Abdus Salam's life was gentle, and the clemeuts so mixed in him thal Nature might stand up and 

say to the world: “This was aman!” 
Prof. Sheldon L. Giashow 
1979 Nobel Physics Laureate, Harvard University, 1996 


The South Commissian Report would have been very different and much less useful without 

his contributions, 
7 President Julius Nyerere 
Chairman of South Commission, Former Presidcnt of Tanzania, 1996 


Professor Salam will forever be remembered 28 a man of exceptional achievement and human 
qualities, 
Dr. Federico Mayer, Director Geacral, UNESCO, Paris, 1996 


He was also deeply concerned about the proliferation of nuclear weapons and served on many 
high-level committees involved in the promotion of international peace and collaboration and in the 
development of peacefuluses of atomic energy. The Times, London, November 26, 1996 


Most of the scientific effort in Pakistan is in a large micasure due to Professor Salam's 

imagination and the weight of his personality, Salam is a symbol of the pride and prestige of our 
q nation inthe world ef science. 

Dr. LH, Usmani 

Chairman, Pakistan Atomic Energy Commission, 1967 
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